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HFBR POWER CALCULATIONS FOR HIGHER 235U CONTENT
(351 GRAM) FUEL As5EMBLIE5 (SUMMARYOF REsuLTs)

INTRODUCTION

SRL has calculatedthethree-dimensionalpowerdistributions,
fuelburnup,and the equilibriumcyclelengthin the High Flux
BeamReactor(HFBR)at BrookhavenNationalLaboratory(BNL)for
a new fuelassemblydesign. The new fuel is an 18 plate assembly
containing3S1 grams235Uper assembly. It has been proposedas
a replacementfor the HFBR 315 gram assembliesin orderto extend
the HFBR cycletime. The powerdistributionswill be part of an
investigationof the feasibilityof increasingreactorpowerby
50%,

This documentpresentsonly a summaryof the resultsobtained
fromthe calculations,The detailedresultsof the calculations
are containedon computerprintoutsand data tapesthathave been
transmittedto BNL.

SUMMARY

The mean cycletime for the equilibriumcorewas calculated
to be 14,33days at a reactoroperatingpower of 60 MN. HFBR
fuelplatepowerdensitieswere determinedat the startof cycle
for a freshcore (eachassemblycontaining351 grams235U)and
for the start,middle,and end of cycleof the equilibriumcore
(only1/4 of the assembliesfreshlyloaded), The maximumpoint-
wise powerdensities,P[X,Y,Z),were locatedat the outeredge
of the coreat the core axialmidplane. Thesepowerdensities,
relativeto a core averageof 1,0,were

Freshcore startof cycle 3.596
Equilibriumcore startof cycle 3,161
Equilibriumcore middleof cycle 2,836
Equilibriumcore end of cycle 2.581

The maximumaxiallyaveragedplatepower densities,relative
1, to a core averageof 1.0,were
‘,:

~1 Freshcore startof cycle 1.885
Equilibriumcore startof cycle 1,974

i~
Equilibriumcore middleof cycle 2.032
Equilibriumcore end of cycle 1.956

I
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The maximumaxiallyaveragedfuel elementpowerdensities,
relativeto a core averageof 1.0,tiere

Freshcore startof cycle 1.186
Equilibriumcore startof cycle 1.224
Equilibriumcore middleof cycle 1.261
Equilibriumcore end of cycle 1.250

The fuel elementburnup [total23SU consumed)after’four
burnupcycleswas between42.5%”and47%, dependingon the location
of the fuel at the time of discharge. The locallzedfuelOby~:p
is maximumat the top and bottomof the core,reaching60<
burnup.

The controlrod positionsabovethe axialmidplaneof the
corewere determinedto be

Rod Height Reactor Time

(cm) (dLZyS @ 60MW)

Fresh351 gram core 21.83 0.0

Equilibriumcore 28.36 0.0
t! II 34,08 1.0
tl “It 39.88 4.0
It 1! 43.11 6,67
VI II 45.78 8.67
If If 51,88 11,33
It t! 60.96 14.33

An auxiliary calculationwas performedto determinethe
shutdownmarginof the fresh351 gram corewith the eightupper
controlrods fullyinsertedand the eight lowerrods fullywith-
drawn. Under theseconditions,the eigenvaluecalculatedin
three-dimensional(X,Y,Z)geometrywas 0,8211.

DISCUSSION

Background

The BrookhavenHFBR is a researchreactordesignedto produce
high intensityneutronbeams for experimentalpurposes. The core
designand controlsystemreflectthis purpose. The reactorhas
a smallcore surroundedby a very largemoderator-reflectorregion.
The reflector,containsmany beam tubespositionedto extractthermal
and”fastfluxesfor neutronexperiments.Figure1 showsthe main
featuresof the HFBR,and Figure2 illustratesthe plate type
designof the 28 fuel boxesthat comprisethe core, The thermal
neutronfluxpeaks in the reflectorregionand is severelydepressed
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in the interiorof the core. This behavioris shownin Figure3,
whichshowsthe thermaland epithermalfluxesof a north-south
traversethroughthe core center.

The HFBR is controlledby upperand lowercontrolrod blades,
locatedoutsidethe core. They controlthe coreby suppressing
the thermalfluxin the upperand lowerreflectorregions. There
are eightuppercontrolbladesand eightlowerblades,whichare
normallyaboveand belowthe activecoreregionwhen the reactor
is critical. The locationof the controlrod blades (atcritical)
minimizesthe fluxdepressionin the vicinityof the neutronbeam
extractiontubes. The controlbladesare shownin Figure2, and
theiraxialmovementis shownin Figure4.

The HFBR operatesat a reactorpowerof 40 MW. It has
operatedin a two-cyclemode where each cycleis initiatedby
the loadingof 14 freshfuel assembliesin the 14 innerfuel
positions,with 14 partiallyburnedfuel assembliesin the outer
corepositions. The cycleterminateswhen the controlrods are
fullyout. The HFBRpresentlyoperatesin a four-cyclemode, in
whichsevenfreshfuelassembliesare addedat the startof each
cycleto the core centerregionwhilethe sevenassemblieswith
the highestburnupare removed. Becauseof the steepflux
gradientswithina fuel assembly,the platesin the fuel assemblies
do not burn-upuniformlyduringa singlecycle, Consequently,BNL
has adopteda fuel shufflingplan to yieldapproximatelyuniform
burnupof an assemblyafterit has completedfour cyclesin the
reactor,

At present,the HFBR is operatingwith a 23SU contentof 315
gramsper assemblyand a cycletime of~17 days at 40 MW. BNL is
consideringreplacingthe 315 gram assembliesby 351 gram assemblies
in orderto extendthe cycletime at 40 MW and determinethe feasi-
bilityof raisingreactorpower to 60 MW. To determinewhether
the new fuelwill be able to performsatisfactorilyduringoperation,
the powerdensityin the fuelplatesand the localburnupin the
fuelmust be known. BNL has requestedthat SRL performthe necessary
calculationsfor this determinationin accordancewith the general
plans and proceduresdevelopedin reference1 and summarizedin
reference2.

Review of the Calculational Procedure

The generalcalculationalprocedurerequiredto obtainthe
HFBR powerdensitiesfor the 351 gram 235U assembliesis show-n
Figure5. The basicprocedureswere detailedin Reference1.



These included

●

●

●

●

●

●

●

●

●

Developingthe averagefivegroup (Table1) crosssectionsto
representthe fuel elements,moderator,core and axialextent,
beam tubes,reflectorregionsand controlrods. This was done
usingintegraltransporttheory (RAHAB).

Performingthe HFBR fuelplateburnupcalculationsusing
integraltransporttheoryto obtainmicroscopiccrosssections
for isotopesin the HFBR fuel.

Correlatingthe five groupmicroscopiccrosssectionsas a func-
235Uburnup (CRAB).tion of the

Performingthe burnupcalculationsusingthe three-dimensional
burnupcode REX, which solvesthe directdepletionequations
in the fuelportionof the HFBR reactor. The half reactor
problemis solvedunderthe assumptionof axialsymmetry. The
homogenizedisotopiccontentsin a quarter-fuelelementwere
calculatedat each of five axiallayersfor sevendiscrete
timesin the burnupcycle.

Comparingthe fuel isotopiccontents,controlrod elevations,
and the cyclelengthsof two consecutiveburnupcyclesto
determineif an equilibriumcyclehas been established.The
controlrod elevationsat discretetimesin the reactorcycle
and the cyclelengthare variablesused to matcha “control
rod calibrationcurve!’for the REX code. Equilibriumis
establishedwhen the core contentsdo not changebetweentwo
cyclesthathave the same rod elevationsand cycle lengths.

Developingtransporttheorycorrectionfactorsby inter-
comparisonof two-dimensionaldiffusiontheory (2D-ORTHOGRIM]
with two-dimensionalSN transporttheory (TWOTRAN).

Solvingfor the three-dimensional(X,Y,Z)diffusiontheory
flux (3D-ORTHOGRIM)in the quarterreactor. Axial symmetry
is,assumed,and the fuelrotationplan provides180” symmetry
in the (X,Y)plane,

Applyingthe transporttheorycorrectionfactorsto the three-
dimenstonaldiffusiontheoryflux,

rntez’polatingthe region-wisethree-dimensionaltransport
correctedflux to the finemesh structuredictated.by the
designof the fuel elements, The interpolatedflux is used
to calculatethe totalpowerdensityof the fuel,the plate
powerdensities,and the pointpowerdensities(HFBREDIT).

-1o-



Fuel Rotation Plan

The fuelrotationplan chosenfor the HFBR 351 gram 23SU
assembliesis shownin Figure6, wherethe letterdesignations
A throughG indicatesevendistinctfuel typesthat are charged
at the sametime;and the numeraldesignationindicatesthe
numberof irradiationcyclesthe fueltypehas undergone. The
fuelrotationplan providesreflectivesymmetrythroughthe
centerof fueltypeA, so that thereare only four fuelelement
typeswith uniqueburnupand powerhistories. The rotationplan
alsoprovidesuniformburnupof the four cornersof the fuel
elementafterthe completionof fourreactorcycles. The fuel
rotationplan (Figure6) can be superposedon the HFBR EditModel
shownin Figure7, to obtainthe crossreferencelist in Table 2.

The “freshcore”contains351 gram 235U assembliesin all 28’
fuelpositionsat the startof operation. As 235Uburnsup, the
controlrods are withdrawnfromt,hecore to maintaincriticality.
When the rodshave reachedthe maximumwithdrawal(60.96cm above
and belowthe axialmidplane)the reactorwill be shut down and
the sevenfuelassemblieswith the highestburnupwill be dis-
charged. The high burnupassembliesare designatedA4 through
G4 (Figure6) and are locatedon the outerportionof the core.
AssembliesdesignatedA3 throughG3 will be.movedto the A4 through
G4 positions. Similarly,assembliesA2 throughG2 will be moved
to A3 throughG3; and Al throughG1 will be movedto A2 through
G2, Finally,sevenfreshfuel assemblieswill be loadedin loca-
tionsAl throughG1. After loadingthe sevenfreshfuel elements,
sufficientreactivityis availableto initiate“thenext burnup
cycle.

Aftera sufficientnumberof burnupcycles,an “equilibrium
corel!is established.The core is in equilibriumwhen

a. The controlrod positions(atcritical)betweentwo burnup
cyclesare the same,

b. The isotopicconcentrationsbetweentwo burnupcyclesare
the same,and

c, The cyclelengthsbetweentwo consecutivecyclesare the
same.

Reactor Burnup Calculations

The HFBRburnupcalculationswere done usingthe REX burnup
code,a three-dimensionalreactordepletioncalculationin
hexagonalgeometry, The geometricmodelof the HFBR is illustrated
in Figure8, whichalso showsthe fuel designations.Eachphysical
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fuel assemblyis representedby four contiguoushex regions.
Eachhex has a separatematerialcompositionfor the fiveaxial
levelsabovethe midplaneof the core. The base materialnumbers
(thefirstaxiallevelin the fuel)are shownin Figure9. The
homogenizedisotopiccontentsin theseregionsare calculatedby
solvingthe directdepletionequationsin theseregionsat seven
discretetimesin the burnupcycle. The 180°symmetryin the
(X,2)plane is absentin the REX burnupmodel. Thus,the burnup
calculationswere performedin 360° symmetry. The isotopic
contentsat the end of a burnupcyclewere averagedaboutan
“averagingplane” (shownin Figure7) to simulatethe true 180°
symmetry.

The controlrod crosssectionsfor the REX burnupmodelwere
determinedin the preview studyof the 315 gramHFBR assemblies.
This was done by comparingBNLmeasurementsof criticalrod height
vs. exposureand the REX calculatedeigenvalueat the critical
rod heightat the startof cycle. Absorptioncrosssectionsin
the controlrods were adjustedto forceagreementbetweenthe
measurementand calculationat the startof cycle. The same
adjustedcontrolcrosssectionsfor REX were also used in these
calculations.

The measuredcriticalrod heightsand the REX keff calcula-
tionsfrom the earlierstudyestablisheda “REX calibrationcurve”
shownas the dashedcurvein Figure10. The modelingerrorsin
REX thatwere noted in the previousstudywere assumedto be
presentin this study, Hence,earlierkeff calculationswere
matchedas closelyas possible, The absenceof any experimental
controlrod data for the 351 gram core forcedrelianceon this
calibrationcurveto determinethe cyclelengthand criticalrod
positionsfor the equilibriumcore, The finalresultsobtained
are shownas the solidline in Figure10,

The burnupcalculationswere initiatedby guessingthe
equilibriumcore isotopiccontents, cyclelength,and critical
rod positionsat fixedtimesin the burnupcycles, An errorin
any of the aboveparameterswouldyielddeviationsfrom the REX
calibrationcurve,and wouldrequireadjustments’to cyclelength
and controlrod heights;then anotherburnupcalculationwould
be performed,

the

a.

b.

c.

A numberof constraintswere used in matchingthe data for
3S1 gram assemblycore with the REX calibrationcurve:

The cyclewouldbe terminated

The REX keff had to be 1,0 at

The REX keffhad to match the
end of cycle,

- 12

when the rods were fullyout,

the startof the next cycle,

calibrationcurvekeff at the



d. The mid-cycledata shouldmatchthe calibrationcurvewell,

e. The finalcurveshouldbe a reproductionof a cu~e from
the previousburnupcalculationwithoutchangingany para-
metersfromthe previouscycle,

f. The 235Uconcentrationsshouldchangeby lessthan 1% by
quarterfuelelement,and changeby lessthan 2% along
any axialmesh point.

All theseconstraintswere met aftereightcompleteburnup
cycles. The finaldata for Figure10 is listedin Table3. The
best estimateof the cycletimebasedon theseburnupcalculations
is 14,33days at a reactorpower of 60 MW. This is %19% longer
than for the 315 gram ZSSUassemblies(onan equalpowerbasis).

Burnup Results

The zgsubu~up for the four distincttwes of fuel elements

at the end of the equilibriumcycleare shownin Figures10, 11,
12, and 13. The figuresshow the percentburnup (measured

295Uassemblies)as a functionofrelativeto the fresh351 gram
axialdistanceabovethe coremi.dplane,The burnupcalculations
were done for eachquarterfuel element. Thus,at the end of
the burnupcycle,each fuel elementhad fourburnupsfor each
of the fiveaxial levelsin the burnupcalculations.The maximum
and minimumburnupsare plottedas burnup~!bands~tin Figures11
through14. A narrowband at the end of the burnupcycleindi-
catesUnifom 235U contents withinthe fuel elementat a given
axiallocation,

The highestburnupoccursat the top (andbottom)of the
core. This is due to the relativelyhigh thermalfluxesin the
upper (andlower)reflectorregions,and the continuousexposur,e
(overfour cycles)of the tips of the fuel elementsto these
high fluxes. The maximumthermalflux occursat the core edge
at 2=0. But sincea fuel elementspendsonlyhalf its lifetime
(twocycles)near thesehigh fluxregions,it does not exhibit
maximumburnupat the coremidplane(Z=O),

The averageburnupsfor the startand end of the equilibrium
cycleare listedin Tables4 and 5, The maximumburnup (averaged

localburnup-(atthe ti~ of-the
over the entirefuel element)will be 47% (inFuelTyT& C, -
elementF14),and the maximum
fuel element)will Teach60%,
burnupby quarterelementfor
assemblies,The burnupsvary
elementper cycle,

Table6 sh;wsthe
the HFBR corewith
from 9,1% to 17.3%

-13-
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ORTHOGRIM Flux Calculation

The three-dimensional(X,Y,Z)diffusiontheorycode,
ORTHOGRIM,was used to calculatethe finalflux levelsfor the
HFBR. The ORTHOGRIMgeometryprovidesan exactmodelof the
homogenizedfuel elementsof the HFBR core. It also treatsthe
beam tubesin the reflectorregionwith more detailthan the
modelused in the burnupcalculations.The controlbladesare
also representedin theirexactgeometry.

A map of the ORTHOGRIMgeometryin the (X-Y)planeis shown
in Figure15; and the ORTHOGRIMgeometryin the (X-Z)plane is
shownin Figure16. The ORTHOGRIMflux calculationwas done
for the quarterreactorusing 62790 (70 x 39 x 23) finemesh
intervalsand five energygroups. The fluxmesh in the fuel
elementswas typically(7 x 7 x 11) = 539 pointsper half element.
The exactORTHOGRIMdimensionsare listedin AppendixA.

The adjustedcontrolrod crosssectionsused in ORTHOGRIM
were the same as thoseused previously.2The rod crosssections
had been adjustedto give eigenvalueand approximateflux shape
agreementbetweentwo-dimensionaldiffusiontheoryusingthe
adjustedrod crosssectionsand two-dimensionaltransporttheory
usingthe un-adjustedrod crosssections.

To improvethe accuracyof the three-dimensionaldiffusion
theorycalculations,sets of transportcorrectionfactorswere
calculated.The transportcorrectionfactorswere basedon a
pointwisecomparisonof two-dimensionaltransporttheoryfluxes
and two-dimensionaldiffusiontheoryfluxesin the reactorcore.
Thesetransportcorrectionfactorswere used to scalethe three-
dimensionaldiffusiontheoryfluxes. A separateset of transport
correctionfactorswas used for eachof the four ORTHOGRIMflux
calculationsthat were done. The transportcorrectionfactors
typicallyincreasedthe relativefuelpowersat the core-reflector
interfaceby~3%,

HFBR Power Density Calculations

The detailedplatepowerdensitieswere calculatedby quad-
ratic interpolationof the ORTHOGRIMpower densities. The ORTHO-
GRIMpowerdensitieswere derivedfrom three-dimensionaltransport
correctedgroupfluxesand from the REX macroscopicfissioncross
sections, Thesepowerdensitieswere quadraticallyinterpolated
to get the detailedpowerdensitiesin the fuelplates. The
interpolationwas confinedto the physicalboundariesof the fuel
cell, First,the interpolationwas done in the Y-direction,to
obtaina nine-point(uniformlyspaced)power shapefor each X
mesh interval. Then the nine-pointpower shapeswere interpolated
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in the X-directionto obtain18 uniformlyspacedX-pointsfor
eachY-levelin the fuel, This was done for all axiallevels
withinthe fuelassemblies.Finallythe powerdensitieswere
normalizedto a coreaveragepowerdensityof 1.0. Typical
powerdistributionsobtainedin thisway are shownin Figure17.

Figure18 showsthe platenumberingschemewe used and the
Y-levelor fractionalelevationdesignationof the Y-meshpoints
withina plate. The platesare numbered1 through18, with plate
1 alwaysfacingnorth. The maximumY-level(Y=9)withina plate
alwayspointstowardthe east. The minimumZ-levelis located
at the coremidplane.

The powerdensitiesin the HFBR 351 gram fuelwere calcu-
latedfor four cases. Thesewere

a. Fresh351 gram assemblycore,T=O.Odays @ 60 MW

b. Equilibriumcore

c. Equilibriumcore

d, Equilibriumcore

(startof cycle),T=O.Odays @ 60MW

(middle of cycle),T=6.67days @ 60MW

(endof cycle),T=14.33days @ 60MW

The differenttypesof powerdensitiescalculatedfor each
case are defined

1. P(X,Y,Z) = pointpowerdensityin plateX, at Y-levelY,
at axiallevelZ

2. P(X,Y)= axiallyaveragedpointpower density=
~P(X,Y,Z)dZ/fdZ

3, P(x,z)= platepowerdensityin plateX, at axial level
Z = fP(X,Y,Z)dY/fdY

4, P(x) = axiallyaveragedplatepowerdensityin plate X =
J$P(X,Y,Z)dZ/Z/JJdYdZ

5. P(Z) = fuelpowerdensityat axial levelZ = f~P(X,Y,Z]dXdY/
JfdXdY

6. P= axiallyaveragedfuelpowerdensity= fffP(X,Y,Z)dXdYdZ/
!!fdXdYdZ

The axialaveragefuelpowers,P, for all four casesare shown
in Table 7. In all cases,fuelpositionF3 showsthe highest
averagefuelpower. PositionF3 is occupiedby Fuel Type C in the
thirdcycleof operationin the equilibriumcore. The fuelpower
historyof Fuelme C is shownin Figure19 for threetime steps
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in each of its four cyclesof operation. The figureshowsboth
P and P(Z)plottedversusthe Z-levelindex.*

‘he highestplatepowers,P(X),in the HFBR fuel assemblies
are shownin Table 8. The highestplatepowerswere always
locatedin plate 1 or plate 18. The platepowerhistoryof Fuel
me C is traced in Figure20, whereboth P(X) and P(X,Z)are
shownfor plates1 and 18.

Figure21 showsthe pointpowerhistoryof FuelType,Cfor
the “hot corner”in plates1 and 18. BothP(X,Y,Z)and its
axialaverage,P(X,Y)are shownin the figure.

The platepowerdensities,P(X,Z),for the entirecore (at
the coremidplane)are shownin Figures22 through25 for the
freshcore and threetimes in the equilibriumcore. Similarly,
Figures26 through29 show the platepowerdensitiesat the top
of the core. Finally,Figures30 through33 show the axially
averagedplatepowerdensitiesP(X) for fourtimesin the fuel
cycl’e.

The generalbehaviorof the othertypesof fuel elements
is similarto Fuel me C. Duringthe firsttwo cyclesof the
fuel elementlslife,the elementis locatedin the radialinterior
of the core,wherethe thermalfluxesare relativelylow. Near
the upper (andlower)reflectorregions,high thermalfluxes
yieldhigh powerdensitiesat the top (andbottom)of the interior
fuel elements. As the controlrod banksare withdrawndu~inga
cycle,the thermalflux increasesin the upperreflectorregions,
thus increasingthe powerpeakingat the top of the core. When
the fuel elementbeginsits thirdcycle,it is locatedat,the
core radialouterboundarywhere extremelyhigh thermalfluxes
producea very high powerpeak in one of the cornersof the fuel
assembly. The locationof the controlrods at the startof-the
thirdcyclesuppressesthe thermalflux at the top of the core
and producesa very largeaxialpower densitygradientin the
outerfuel plate, As the controlrods are withdrawn,the upper
reflectorthermalflux increasesrelativeto the radialflux;
and the powerdensitybecomesmore uniformov’erthe axial (Z)
lengthof the fuelplate. This behavioris repeatedfor the
fourthcycle,butbecause of the higherfuelburnupin the fourth
cycle,the powerdensitiesare lowerthan in the thirdcycle.

* Note that the Z-levelindexdoesnot vary linearlywith the Z
dimensionin Figures19, 20, 21; however,the deviationfrom
linearityis no; too severel Tables
conversionbetweenthe Z-levelindex

-16-
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Maximum Power Densities

The maximumpowerdensitiesby fuel,by plate,and by point
are summarizedin Table 9. The maximum200 pointpowerdensities
for eachof the casesstudiedare listedsequentiallyin Appendix
B.

Uncertainty Analysis

An unambiguousassessmentof the
of HFBR uowersis not vossible.since

accuracyof the calculations
thereare no measureddata

availabl;with whicht~ comparethe results. Severalcontribu-
tionsto the uncertaintyof the computedpowerscan be estimated,
however,basedon approximationsthat were made in the computa-
tionalprocedure. The approximationsthat have been identified
that contributeto this uncertaintyare:

1. effectsof energygroupstructure,

2. effectsof spatialmesh structure,

3. effectsof materialmesh structure,

4. errorsin eigenvaluecalculations,

5. effectsof transport-to-diffusioncorrectionfactorsin the
verticalplane,

6. use of diffusiontheoryin burnupcalculations,

7. use of hexagonalgeometryin burnupcalculations.

This listis not comprehensive;for example,it excludeseffects
of approximationsmade in the definitionof the physicalmodel of
the HFBR,such as homogenizationof reflectorcomponents,and
assumptionsmade regardingcore symmetry. Theseapproximations
may resultin some averagingof localpower densities,and also
may yieldslighterrcrsin radialand axial leakage. These effects
are not readilyestimablebut are believedto be small.

The energygroupstructureused in the ORTHOGRIMcalculations
was selectedaftertestingof alternate,.moredetailedstructures.
Testsinvolvedcomparisonof thermalflux shapesusing two-
dimensionalORTHOGRIMcalculations,Resultsof thesetests
indicatedthat use of the five-groupstructureyieldeda mean
differenceof 1,S% in the thermalflux in the HFBR fuel,relative
to a seven-groupstructureselectedas a standard.
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Similartestsof the spatialmesh structureused in
ORTHOGRIMagainstfinermesh structuresyieldeda mean thermal
fluxdifferenceof 0,12%.

The materialmesh structureused in the burnupcalculation
is, by necessity,coarse. Hence,fuelburnupin platesnear the
core-reflectorinterfaceis underestimated.Use of a finer
materialmesh, if it had beenpossible,wouldhaveyieldeda“
flatterradialpowerdistributionthan the one reported.

Uncertaintiesin the burnupprocedureas measuredby
differencesin REX eigenvaluesfrom 1.0 at flux calculation
timesare believedto have littleeffecton the burned-up
fuel concentrations.The uncertaintyin peak powersresulting
from suchburnuperrorsis estimatedto be lessthan 0.2%,

Uncertaintiesin the powershapeas measuredby differences
in three-dimensionalORTHOGRIMeigenvaluesfrom 1.0 are likely
due to a misrepresentationof neutronleakagefromthe core.
To the extentthat this is true,the reportedpeakpowerdensities
shouldbe conservative,since reportedeigenvaluesare generally
slightlygreaterthan 1.0.

Use of transportcorrectionsto fluxshapesin the horizontal
planeremovesmuch of the errorinherentin diffusiontheory
treatmentof the interfaceflux gradients, No transportcorrec-
tion to flux shapesin the axialdirectionwas made. Someunder-
estimationof powerpeakingat the top and bottomof the core
shouldresult. This shouldbe lessthan correctionsappliedin
the radialdirection,sincethe diffusionpropertiesof the top
and bottomcore reflectorsapproximatethoseof the coremore
closelythando propertiesof the radialreflector. Under-
estimates of localpowerdensitiesat core top and bottomby 1
to 2% are possible,however,

Errorsin pointpowersbased on errorsin point concentrations
of 295U (dueto the REX limitationon mesh pointsin the burnup
calculation)do not propagatethroughthe burnupcycle. An error
in a point concentrationin a cyclewill be partiallycompensated
by an oppositeerrorin the next cycle, The maximumerrorin
point concentrationsoccurswhen and wherethe 23SUconcentrations
of a quarterfuel elementdifferby the largestpercentage. This
occursat the end of the thirdcycleand startof the fourthcycle
for any fuel element. Linearextrapolationof the quarterfuel
233U concentrationsat the axialmidplaneto the cornersof the
fuel elementat the end of cycle3 show that the quarterfuel
concentrationis 9% higherthan the concentrationof the “hot
corner”in that quarterfuel, But sincethe power and burnup
rate are proportionalto the concentration,flux,and cross
section(N$u),and sincea reducedconcentrationat a fuel corner

-18-



leadsto a higherfluxat that corner,the error in (N@J) will
be lessthan 9%. The errorsin the point concentrations,due to
the limitationsof the mesh structure,tendto be compensated
by oppositeerrorsin the flux,so that the errorsin power or
burnuprate are lessthan the errorsin concentration., Peak
powersin the outerfuelassembliesat the end of the fuel
elementtsthirdcycleare estimatedto be roughly5% too high.
At the startof the fourthcycle,peak powerdensitiesare
estimatedto be roughly3% too low becauseof errorsin point
concentrations.At the end of the secondand fourthcycles,
as well as the startof the firstand thirdcycles,peakpowers
are believedto be accurateto 1%.

Effectsof theseapproximationson HFBR peak powerdensities
are summarizedin Table 12, All effectsare indicatedas uncer-
taintiesin the powerdensity,althoughsome effectsare consi-
deredfactorsof conservatism.
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TABLE 1

Five-Group Structure Used forHFBR
Power Calculations

!zS!YIl Upper Energy , eV

1 10.0 (10+6)

2 0.82085 (10+6)

3 0.55308 (104)

4 0.6325

s 0.0801604

Minimum energy = 0.6325 (10-6)
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TABLE 2

HFBR Fuel Rotation Scheme for 4-Cycle
Operation in the HFBR Edit Model

Cycle Number

Fuel Type 1 ‘2 3 4—. __

A F2 + F15 + F16 + F1

B F12 + F~~ + F8 + F19

c F13 + F4 + F3 + F’14

D F7 + F1O + Fll + F’6

E F’7 + F’1O + Fill + F6

F F!13 + F14 + F13 ~ F14

G F’12 + F5 + F’8 + F9

Note: Fuel types A, B, C and D are unique.

Fuel’types G, F and E are mirToT images of B, C and D
respectively.

\
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TABLE 3

HFBR Eigenvalues,Control Rod Elevations,
and Time @ 60 MW Operating Power

Rod Height(l) Reactor Time
(cm) (Days)

Fresh 351 gm core 21.83 0.0

Equilibrium core 28.36
34.08 :::
39.88 4.0
43.11 6.67
45.78 8.67
51.88 11.33
60.96 14.33

Shut down margin
of Upper Rod Bank
Fresh Core -15.24 0.0

Note:

(1) Rod elevation relative to core mid-plane.

REX

%

1.00024
1.00422
1.02508
1.03074
1.03427
1.04031
1.03648

ORTHOGRIM

‘eff

1.01138

1.00494

1.02295

1.01905

0.82106
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TABLE 4

Average 235U Contents
Equilibrium Cycle

(Grams/Assembly)

F6 F7 F1O F11

235 351 314 281

194 314 281 235

41 37 33 46

F3 F4 F5 F12 F13 F14

279 313 313 351 351 230

230 279 280 313 313 186

49 34 33 38 38 44

F1 F2 F15 F16

240 351 314 281

202 314 281 240

38 37 33 41
k

CORE AVERAGE 235U CONTENT

start of cycle 294 gm

end of cycle 254 gm

burnup/cycle 40 gm

AVERAGE 235U CONTENT FOR DISCHARGED ASSEMBLIES

191 gm
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TABLE 5

Average 29SU Burnup (Percent)

[
1

235uconsumed ~ 100%
Burnup = 351 grams

F3

20.5

34.5

14.0

F1
31.6

42.5

10.8

F6

33.0

44.7

11.7

F4

10.8

20.5

9.7

F2
0.0

10.5

10.5

J

F8

20.2

34.2

14.0

F7

0.0

10.5

10.5

F5

10.8

20.2

9.4

F9

34.2

46.7

12.5

F1O

10.5

19.9

9.4

F12

0.0

10.8

10.8

+.Start of cycle (%)

+End of cycle (%)

+Burnup per cycle (%)

~11

19.9

33.0

13.1

!713

0.0

10.8

10.8

715
10.5

19.9

9.4

F14

34.5.

47.0

12.s

F16

19.9

31.6

11.7

CORE AVERAGE BURNUP

Start of cycle 16.2%

End of cycle 27.6%

Burnup per cycle 11.4%
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TABLE 6

Percent Burnup by Quarter Fuel

F8

20.0 20.5
37.9 35.5
>_~_.9 15._o.
20.6 19.9
33.2 30.1

F3

21.2 ‘ 21.3
39.1 34.0
17.9 12.7
>9.7 19.9
34.8 30.0
15.1 10.1

F1
29.5 33.7
42.5 42.5
13.0 8.8

-

28.5 j 31.7
44.6 43.1
W1.JJ..;
33.5
44.9 46:1
11.4 8.0

F4

10.3 12.0
21.2 21.3
10.9
10.3 1:::

19.7 19.9
9.4 9.6

F2
o 0

10.1 10.9
10.1 log

12.6 10.2
F7

o
1;.8 10.2
11.8 j 10.2
0,0

10.2 9.6
10.2 9.6

F5

11.8 11.2
20.6 19.9
8.8 8.7

10.2 10.1
20.0 20.5
9.8 10.4

F9

33.2 30.1
46.8 46.t
13.6.__~,.7
37.9 35.5

46.6 46.7
8.7 11.2

F1 O

11.8 10.2
20.9 21.C

9.1 . 10.8
10.2 9.6
18.8 18.7

8.6 9.1

F12

o
10.2
10.2

0
11.8
11.8

0
10.1
10.1

0
11.2
11.2

Burnup start of cycle
Burnup end of cycle
Burnup per cycle

20.9 i 21.0
33.5 I 38.1
12.6. , 17.1
18.8 18.7
28.5 31.7

9.7 13.0

F13

o
1:.3 12.0
10.3 12.0
0 0

10.3 10.6
10.3 10.6

F15
10.1 10.9
19.9 19.9
_9.8 9.0.

-

4.8 i 30.3
6.1 ; 46.8
1.3 16.5
9.1 34.0”
7.5 47.5
8.4 13.5

F16
9.9 19.9
9.s 33.7
9.6 13.8



TABLE 7

Axially

[P = IJI

N
CR

Averaged Fuel Power

P(X,Y,Z)dXdYdZ/lJJdXdYdz]

1.21363

1.26337

I 1.24734
,

F6 ]F7

1.18390 .79228

1.04172 .90376

1.04776 .89289

1.03093 .91360
1

F3 I F4 IFS

1.18573

1.22392

1.26083

1.24971

F1
1.03444

.91256

.92505

.82583

,84741

.83895

.853S7

F2
.85205

.93102

.89316

.90892

.88010

.83828

.83878

.92970
I

.90625

Note: Core Average Fuel Power = 1.0.

1.07664

1.11245

1.09002

Q1 O

.79228

.82486

.82969

.84072

F’12

.90892

.96374

.90603

.91006

Fresh351 gm/assycore (t”O)

Equilibritnncore (t=O)

Equilibriumcore (t=6.67days)

Equilibriumcore (t=14.67days)

11
1.18390

1.16771

1.17529

1.16465

13 ‘F14

.82583 1.18573

.92771 1.08208

.90463 1.10594

.92446 1.08813

15 F16
.85205 1.03444

.84624 1.03804

.82019 1.05150

.82916 1.06232
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TABLE 8

Maximum Average Plate Power Density P(X)

[ 1P(X) = lJ P(X,Y,Z) dYdZ/JJdYdZ
where X = plate 1 or plate 18

r6 1.8006s1.59578
1.60147
1.53912

T
P3 F4

1.88460 ,87780
1.97372 .94607
2.03200 .96628
1.9S606 .99123

F8 I F9

1.62561 1.62561
1.72554 1.52929
1.79531 1.57697
1.73292 1.51090

~7 F1 O
.87499 .87499

1.04825 .93572
1.05330. .94816
1.07998 .96830

‘5 F12
.93689 .93689
.89494 .99173
.84724 .92887
.84519 .93100

E!!M

Fresh 351 gm core
Equilibri~ core t=O
Equilibrium core t=6.67 days
Equilibrium core t=14.33 days

?11
1.80065
1.78198
1.79139
1.73477

v 3 F14
.8778 1.88460

1.06658 1.76045
1.07607 1.79504
1.10985 1.71508

V5 F16
1.04999 1.80749
1.01443 1.79498

.996617 1.81535

.96283 1.78424
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TABLE 9

Maximum HFBR Power Densities

Case Name Case Fue1 Plate Y-Level—— —

BASECASP A F3 Al 1 Al 1
ORTH7 B “ It 11

ORTH71 o c 1* 11 1~

0RTH722 D “ It II

A
B
c
D

A
B
c
D

A
B
c
c

F3
If
II

F3
II
II

11

F3
11
II

II

1
1
1.
1

1

1

1
1

Al 1
11
fl
t!

Al 1
II
It
II

9
9
9
9

Z-Level

All
91
It
II

Al 1
II
II
11

1
1
1
1

1
1
1
1

Power—.

1.18573
1.22392
1.26083
1.24971

1.88460
1.97372
2.03200
1.95606

2.69381
2.42324
2.18524
2.04199

3.59618
3.16144
2.82317
2.57892

Description

P’
Axially averaged

Fuel power
Density

P (x)
Axially averaged

Plate power
Density

P(x,z)
Plate power

Density

P(X,Y,Z)
Point power

Density

Note: (1) The word All is used to indicate an average over the X, Y or Z
dimension.

(2) Because of 90° symmetry in CASE A (the fresh core) the power densities in
(F3, plate 1) are equal to those in (F14, plate 18).
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TABLE 10

Axial Fine Mesh for

Z-level

1

2

3

4

5

6

7

8

9

10

11

12

TABLE 11

the Fresh Core

Elevation above core midplane (cm)

o to 4.44s

4.445 to 7.62

7.62 to 10.795

10.795 to 13.7583

13.7583 to 16.7216

16.7216 to 19.685

19.68S to 21.83

21.83 to 23.3374

23.3374 to 24.8449

24.8449 to 26.3524

26:3524 to 27.7018

27.7018 to 29.0512

Axial Fine Mesh for the Equilibrium Core

Z-level Elevation above core midplane (cm)

1 0 to 4.445

2 4.445 to 7.62

3 7.62 to 10.795

4 10.795 to 13.7583

5 13.7583 to 16.7216

6 16,.7216to 19.685

7 19.685 to 21.83

8 21.83 to 24.0066

9 24.0066 to 26.1833

10 26.1833 to 28.3600

11 28.36 to 29.0512
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TABLE 12

Uncertainties in Computed HFBR Power Densities
Caused by Approximations in the Computational
Procedure ““

Approximation

ORTHOGRIM Energy Group Structure

ORTHOGRIM Spatial Mesh Structure

REX Material Mesh Structure

Eigenvalue Errors

REX

ORTHOGRIM

Transport - Diffusion Corrections

- Vertical plane

Uncertainty in Maximum HFBR
Power Densities

1.5%

0.1%

-5%, end of 3rd cycle
%3%, start of 2nd cycle
%1%, end of 2nd & 4th cycles
-1%, start of 3rd cycle

0.2%

conservative

1-2%, top of core

+ —.— . –—–
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H-4 I

FIGURE 1, Cross Section of the HFBR Vessel
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FIGURE 8.
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Fuel Rotation Plan in REX-HFBR Geometry
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FIGURE 13. 235U BurnUP VerSUS Axial DiStanCe (Fuel Type C)
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CASE=BASECASP PLATE POWER I)ENSIIIES, AVERAGED FROU Z= 0.0 Cm. TU L= 4.4450 CM.
*=..*===*=== . . . . . . . ...=. ==..====.==. .==.==.===== ===.======.. =..=====.,=. ====**====

+--— ----— -------- +
2.69381 I I
2.52868 I I
2.36356 I xl
2.19843 i I
2.03331 I
1.86818 I xx i
1.70306 I xx I
1.53794 I XXxx
1.37281 1X%X%X,(XXX /
1.20769 I
1.04256 I !
0.87744 I I

+--—----—--------+
+-----------------++-----__----—--- +

2.69381 I II I
2.5206fl I

;[
I

2.36356 I xl
2.19843 I I
2.03331 I xl
1.86818 I 1
1.70306 I

xl
II xx

1.53794 I xxx i
1.37281 I 1 xxx I

~ 1.20769 I II Xxxxx I

g ::%: Ixxxxxxxxxxxxxx I I
Xxxxl lxx I

0.
I

+------------.---++--—-—----------+
t------------------++-----------------++----_-------------,

~ 2.69381 I II
!/

x
~ 2.52868 I

2.36356 I
II

; 2.i9843 I
II

;;
x

x
2.03331 I II :/ x
1.86818 I

~f
II x

1.70306 I x
1.53794 I 1 xxx
1.37281 I
1.20769 I

II xxx
ii II Xxxxx

1.04zSb Ixxxxxxxxxxx%xxxx II %X%X%11X
0.87744 I Xxllxxxxxxxxxxxxx II

+--—----—--------+ +----——- -------- ++------ -.------ ----+
+----------------++---------------++-.-------_-------+

2.69381 I
‘ ~~

I
2.52868 I :/ I
2.36356,1 II xl
2.19843 I II

//
I

2.03331 I II
1.86818 I II
1.70306 I

II xx /

!/
I

1*53794 I // xx I
1.37281 I II
1.20769 I

II x 1
11X xxx

1.04256 I IJ Xxxxx H Xxxxx /
0J87744 I XXxxxxxxxxxxi 1%%%% I

+----------------- + +-. -------------- * +-------- _-_-----+
t ?

Plate 1 Plate 18

FIGURE 22. Fresh Core T = O @ 60 MW
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EQUILIBRIUM CORE 7-0.0 e 60 w

CASE.0RTM7 Rkrc mum 0EN511[ES. ~WRffiED
. . . . . . ...”..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. 42s26
2.266s6
2.10963
1.952s3
1. W562
1.63072
1.60181
1.3ZW1
I.lbeoo
1.01110
0.09619
0. b9129

1

UT
w
1

a. +2s24
2.2M24
2.1OW3
1.9519s
t .19962
1.63&72
I.wlmt
1.12691. . . ..-

$
: 2.42M4
s 2.2b634

2 ;::y,:

I .79562
::::;:;

1.n*91
1.16200

1.01110
0.85+19
0.69729

,----------------
Ix

In
lx
lx
I xx

fix
I xxx

XXX*
I xEa
I
1.
,-----------------
.—. ----_-_--—-.._-—-.
.!

I
lx
I
lx
lx
! xx-

.
,..,... ! Xxx,xxx
0.2J3619 I
0.69729 I

“Saxn
●------------------

.. . . . . . . . . . . ..-

..— —-——--,
FROM 2.. 0.0 cm. 10 t. 4

. . . . . . . . . . . . . . . . . . . . . .

;—-—-— ~f

“:x II

lx II

lx II

I xx II

I xx

! Xxxxxxxxxxx j j

i

i ii
●------------- --

I
I
I

——----

.——-—
--.:~–– --=

—*—— —-;
II II II

II II II

II II II x;

f! II II

x II II x’ !

x II
II

x II !: II Kxx

II II mm i
xxx II

Km Ilaxx II II lIXX

Xuxxxxxxxxaxxx I I Xxq y i
Xxxn

Xzxx: i ~~Xxxmaxmxxx I

II
II I

.-. -_.----------. __ —_------ *.—---—----*@--
—---*

------ +--—- ——---- .-——
———--. —---

____—-—.*---r--—-;- 11 II I
II

II II II I

II
II II II II

;! II
II x’ i

II ;; II al
,, xl

ii
II ii ii ii xx I

II II
la I

111! 1
/!

II
xx I

11X1X4 II Xxmxx,x,axx” f :Swxuaxxaxxxxxxa: ~Xaxxxxxxxwxxx ~:Xxxxxxxx I
,Xxxxxxxmxx: ~Xxxxx

II II II I

.-. ---- __** -_-__ --_----- ..--_ --_--- .---* "-----------
- *___—-——---—-.

.----__ -—--.. ——----—-——
_-—--- +—-—-——--—--y

—-----—---:--l-

I II
II

II II II I

1! II II II

II II II II SK i

II II II II

II II II II xl

II II II I

II
II II II II xxx I

Xxxl I II II II xx I

I Ixxxxx I I xxx~~
K,xxaxaxuaxtim I I II I

It II II Xxxxxxxzxxx xx; y

II II II

.----— —---—— -.* —-—--— ------- * *---------
-—----— ,+____--———-+

. ,_-_—_-—— -----
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I

EQUILIBRIUM CORE, T.6.67 MYS C 60 W

Casf.rln?,,,o PL, TE 00”FO OFNS1ll ES, AVE-AGED F9C9 Z= 0.0 Cv. lC ,1- +.4650 c,.
. . . . . . . . . . . . . ..=.. =.. =s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.---. ---. -—-- —-. e--_ -----* -__--*
2. IR5?6 .
2.04.90 :

II I

1..0756
II

IY.
1.161.??

II 1’

1.615!48 .:’x
I

1..785.
:1’

1.3372!I
., xx

I
II xxx;

1. IS5E6
. . .

I
1 .0565?

Xxxxxxm’; d

0..1318
II XXXXKKX

;
:

0.1718+ I
I I Kxx
II ;

0.63050 1 11

2.1 S5?6
2.0*3$0
1.90254
1.76122
L. blvea
I .4185.
1.33720

1.195~6
1.05+52

S :.;;;::

%
n, 0.63050

!2

: 2. 1852.

s : :::%

% ,. ,6,2?

1.61.88
1.67854
1.33720
1 .1*5B6
1.0565?
0.91?18
0.1?lm4
0.(.3050

2.1?52<
2.0.390
1..0256
1.1612?
I .61.88
1..78%
1.3??20
1 .1.5,6
1. 05. E7
0.9!,1,
0.17184
0.63050

..-------------— -- .+-------_-.-------+
+... --. -..------ .--., -------------------------------- .+_-----_ ---_- .---*
I II

II ~{
II

i

I

:x ::
::

::
m’

II
I xx

:; xxi
lx :1’ :! II I

,x,
xxx I

: xxx
II II
II XX*

~~ ,xXx

I
II

XXKX
lXKX i

:

~,xx;: z’”’’’x~,xxxx;x; :Xxuxxxxxxx” xax.xx; ;xxrx

II II
:

,,
. ------ . ..--- ..-.. -.. -------------_ ---.+--__ ------------ ..--_------- _--.---*. .

. . . . . .. -------- . . . . .. . . .. . . .. . . . . . .. . ------------------- -, ---- —---------- ---------- ------- ,.-------_---------- .
11

::
II
II l’:

II I

x II
x

;!’
::

::

x
. ~~

J

l’!’
II

z. II
11

l’!
/:

“x

xx i

it’
l’:

It
::

I

,“”” II 11 11
II Xax !
,, . .

“x” 111 II ii xxxii xx””
XIX IXKXJ LXW” XX XX XXX. XI I NZ,,, X,, X1lXXXX 1 I x,x, ”

i
X1.11 xx”,,

II xrxrxrzxxxxri l,xxxxxx xxx

II 11 ::
11 ::KXX
II

~

------- . . . . . . . . . . . . . . . . . -------------- ------------------- ..-_ ---. ------ _— _- . + --- — ------------ ●, ------------------ .
----------------- . . . . . . . . . . . . . . . . . . .. . -------------- . -. --- .,--------------- ------------------- .+----------_------- ●

~~
II

:: II
II

II
II l’; i

::
II /: :: :: xx!

r l“
II II II

“ ii
,, II

:! //
x;

:!

“ It xx;; H
II

x,x II IXZXX
::

xxx :

:Xxxss // II
It xx

;;Xx.x
I

xxx” x.,x”
,,”,,

.,, ,.;;
XX XKXXXXXKXX, X:; X,XXK

II /!’ II
:

II I. . . . . . . . . .- .--.-., . . . . . . . . . . . . . . . . . . . . . . ---------------- -------------------- ..------------------ ..------------------ .
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FRESH CORE, T=O,O @ 60 MW

CASE=18ASECASP PLATE POWER OENSITIES, AVERAGEO FROM Z=27.7018 CM. TO 2=29.0512 CM.
*m*=*..=*.=.*... ..**, . . . ...-=.=. **..*.*.=s.m.s.=s** ..**...m==.ms.ss.s . . . . ...=.....

1031600
1.25228
1.18856
1.12484
1.06112
0.99740
0.93367
0.86995
0.80623
0.74251
0.67879
0.61507

1.31600
1.25228
1.18856
1.12484
1.06112
0.99740
0.93367
0.86995

~ 0.80623
~ 0.74251

0.67879
~ 0.61507
W
>

1.06112
0.99740
0.93367
0.86995
0.80623
0.74251
0.67879
0.61507

0.86995
0.80623
0.74251

+----------------+
1 1
1 1

I
i 1
I

i
i ,.
I
pxxxx

1
I

XXxx 1
x%x)( 1

i XX)uixl
+-------- —----- ---+
+—--—--—--------+ 4--- —---- .--— —--4

11
/

1
~

H

I II xx 1

1 11 xxx j

~Xxxxxxxwxxxxxx! !Xxxxxx%xx
Xxxx I

I
II
II

;
~

I
I

/! I
II I

+--— --- —-------- ++-- ——---— ------ +
t--------------- ++-------------- ++--------------+

IXxxxxxx
II II

I
II /

Xxxxxxx 1
Xxxxllx

; II Xxxxx
i! .;

I
II

II Xxxxx

II Xxxxxx I 1
:

i
Xl lxxx

I
I

I
Xxxx

I
!: xxx :

// Xxxxxxxx I
I II /! I
+--------—- ---- ---++ -----— —-- —-----+ +----—-----.------- +
+---------------+ +-------------- ++-----------------+

11X
~

II
II xx II /
II xx xl

I II xxx ;1
II xxx xx /

i II Xxxx
I

/! xx
II Xxxl lxxx xxx /
II II

i
Xxxxxxx I

II II I

ii
0.67879 ;

ii I
II II I

0.61507 I II II I

FIGURE 26
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EQUILIBRIUM CORE, T-14.33 DAYS @ 60 NW

CA SF=~,1”77? Pt&l. P“”E. “EWS, l, ES, nvEr!,GFD F*C, 2.28.3600 <v. lC Z..?9.O912 cm.
. . . . . . . . . ...= S . = .* =.===... . =,....=..,.. . =, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.----------—------ .+-— --. -----------,

1.80402 II I
1.7>704 ;s
1 .650C5 t i: :
1 .5730.3

1. kqbol ; ‘x
I

1.* 1.08
::

xxx II K1’
I .1620. : Xaxxxaxxx aax; ;
1. 26$,0
1.18.11

x’ !
I II

1.11112
xxx t

1.03413
II X, K, XXXXXXX

0.95715
: :;X

i
+----------------- ..-------------- —-..

. ------------------ .,---- .------------- +*. ---------------- *.---- _------------+

1 .8040? I
1.77704

!!
I’;xx

It

1.65005 II Xrxx
x:

Xxxxxx r:;
1.57306

I’1’
i

1. *96C1
II 11 X.1
II :: x::

1.419.18
1.3+?!7.

:x
,x ‘1

It Xxxxxx 11
11

xxx
;) XIXXIXXXKKX II Xxxxxxx

::
:

1.2f510 lx
1.18811 ,,, II

II ,11,
;:X i

~ 1.11112 I Xxxxxx
z 1.11> 413

::

g 0.95115
Xxxx i’1 II

;
:

XIII II ii
. ---= -------------- ---------------------------------------------------------

s .------- . . - .-----.+. -----------------,, ------------------ .,----------------- .+-__ ------------ .,-------------------
~ l.n Ma7 lx II II
; ;.:;:: : ,

all

//

t
II

~~
::

lHKXK :; i
= 1.57306 1 K

1..qbc7 I xx
l’: II XI XXXXIXXXXXXNKXXX:; XXXXXXXXXXX

Ilxx
II

II
i:

1:
1..,.0. t xx II XXKXX !! ;~
L.342m I ,,”,,,, KXx, xx”xxxx I lxxxxxx nKxxxxKKxxxx~: xx :
1.26510 1 “x,x!: II ::
1.18811 I II II

/l’
II :!’ Xxxx I

1.11112 I
1.03613 I

II It
::

Ixaxx !
II

0.957,5 I
:: Kxxx

, ---- _----------- .::----------------_ +*------_ ---_-:--_ --::------------------\ ~----_ -_--_ -----J: E-_-------------+:: :

.------- . .. - . . . . . .- . . .. -. -.------------+. ---. ----------_ --. ,------ .--. -------- *+---------------------------------------
1.80+02 I 11
1.72106 1 11X
L .65005 I

x:! ii ~~ :: x!
;! Xxx,x”x Kxx II

1.513C6 I
II

1.49607 I
XX””xx I I :: II

1.4190# lx
II

{~
II /l’ xx i

XXxxx; ; ,
1. 3k2C9 I “

I lxxx
:: I’/ xx’ I

1. Z651O I “
XX X, SIPIXX

II ::
1.1.911 I x II :: :;

:! XXXXKXXXX
;

1.11112 I xxx II
II 11,X”

II II
1.03413 I KXX” XXX

t

0. Q5715 I
It II /: (~

;XKxx; ;
--------------- ---+ .----_ ------ .-----:: --_ ----_ ------- _::------------------ : !___________ ,------ —-- —--------
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FRESH CORE, T-O @ 60 MW

CASE=BASECASP PL4TE POWER OENSITIES, AVERAGEO FROM Z= 0.0 CM. TO.Z%?9.0512 CM.
==..= . . ...=.. . ...=..===.=.. ==.=.= . . . . . . . . .=..=s...==.=s . . . . . . . . . . . . . . . . ...=====.. .

1.88460
1.78261
1.6S073
1.57s80
1.47686
1.37493
1.27299
1.17106
1.06913

/ Q.96719
0.86526
0.76332

1.88460
1.78267
1.68073
1.57B80
1.47686
1.37493
L.27299
L.LTL06
1.06913
0.96719
0.86526
0.76332

1.88460
1.78267
1.68073
1.57080
1.41686
1.37493
1.27299
1.17106
1.06913
0.96719
0.86526
0.16332

1.88460
1.78261
1.68073
1.57880
1.47686
1.37493
1.27299
1.17106
1.06913
0.96719
0.86526
0.76332

+——.--.— ---.---+

I I
I

i I
I xl
I

xx !/ x
t xxx :
Ixxxxxxxxxxx I
I I

I i+------------------++-------_----------++-------------__+
I II I
I II xl
I
I

xl

;!
xi

i x
I
I

11 xx I
11 xxx

II xxx
i

/
II Xxxx I

I Xxxx} lxx I
Ixxxxxxxxxxxxxx II I
4-—----—--------++ -- —- ——--— —-- +
+----------------+ +------------- ++---------------+

II II xl! II
I II

I

I
II

II II xx ~

; \~ /: x

I II xx
I

i
II II xx I
II Xxxx

i ixxxxxxxx II i ; Xxxx i
Xxxxxxxxxl Ixxxxx Xxxxxxl lxx

i
I

II Xxxxxxx II I
+------------------+ +------------------- + +--- —------------- +
+------- __--------+ +-_. --_------- _--++ L _____________ +

II
i

II I
.11 xl

I /!
i

I
II :/

I
xl

I // /! xi
I II x
I ii II x
1

I
11X x
I I xx~ I

:
xxx /

II Xxxxx II Xxxx
I

I
II Xxxxxxxxx I I Xxxxx I

+--_ -_------------,- + + --_--_ ---- _ ------ + +------------------ +

t T
Plate 1 Plate“18

FIGURE 30
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EQUILIBRIUM CORE, T-0 @ 60 MN

LA SE.0R1”7 PL41E POti&R iIEh S1lli S, AvEftAGEO FROM 1= 0.0 Cn. 10 /-.29.0512 C?!.
. . . . . . . . ...=. . . . . . . . . . . . . . . . . . . . ...=... . . . . ..=.=.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.91312
------------------- ,--------------------

1.05238
L. T31O*
1.60911
1 .+803 1
1.36703
1.2.570
1.12636
1.00302
0.88169
0.16035
a.t.3901 I ii i

.---- —---. -------- . .--_ ---— -----------
-------------------- --------------- .--- .,------------------- .----.------------- ●

1.91372
1. S523S
L.731O.
1.60971
1.68031
1.36703
1.26510
1.12’36

lx
Ii

... .

II I
II x;;:
It .x!
II
II xxx’ i,, . . .

5 0.7603> ,X,X1 I

2 0.63901 : II
;;xxxxxxxxxhx i

ii
------------------ . .---- —---------- - .- ++-------- ----------,.---_----- .- . ...---+

: -------------------- -------------------- ------------------ ---------------------- .-. ---------------- *.-- _--. ----- _----_+

11
~ :::;;3 !’

II
II II :/

;:

1.13106 I X
!/ :

/:
II

1.60971 I x ::
II II xl

1.a83r I K II ::
II

;:
:! xx i

1.36103 I xx II
1.2.570 I “x II i:

II :/

i:
XKX

1.12.36 I
I

xxx 11 II
1.00302 1 X&,, 11X

:/ x:; ,“ I

0.08169 I
I I Xxxxx.xxxxxx xxx xxx. II

Xxxll ,.”””, ”” Xx,x; kxxxx”xxxxxxxxi ;
x.

wxx; :wx”x”&”x””K
I

0.16035 I Xkxl. x I I
xm.?,

I
0.61901 I // II

II
,, ,,

;; XXKK
,,

1.97312
1.85238
L.731O$
1. bJ911
1.68831
1.36103
L.2651O
1.12*36
1.00302
0.dd16V
0.1.035
0.6,901

-------------------- .-. -.- —-----—--————-----
I II II

II
i ii

It ::
i ‘. II

//
lx II :/

“x II ““11
lx II x.. 1I

fix. I i XAXXXXZXXAKXX II
xxix II

i
II

,., X.X I I It
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

------------.- ,+-_---_----

~~

::
//
II
II

//
II

----.--- ------- . . . . . . . . . . . . .

.--- ...-+ ------------------- .*---------_------- ,

ii :: 4
II II

ii
x;

/:
II II ~~

ii ii ,,’ I
IIAX
I I KXAA”X

II ,x
,.”, ” I

II KXxxax, xxx; k
II II I

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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EQUILIBRIUM CORE, T-6.67 DAYS @ 60 W

C& S$=?RT”7,0 Plt.1. 0,1,=. ..?4S!,15S, 6VE, bCF0 FW” Z. O.rI c,. 1P Z.29.05, * c,.
. .,====.=.==. ==.==..==.=== ===,...=.===. . ==.,.=...,.= = . . . . . . . . . . . . . . . . . . . . . . . . . . ..=

1

7.0,>””
1..,75?*
1.77856
1.6518.
,.,,5,2

1 .3.8.0
1.?116,

.-------------- .-. . ++-------- .----------
. . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . ..-- .- .- . . -. . . .. -. . . .. -- .---- ...__.+
I l’; II

;:
1

;X
II l’: x!

lx :: /l’ II

lx II II
xx i

0. ,,
(/

,,
,1

1. !445. i ‘xxx ii ::
11 xx ,
,, . . . .

1.01.73

R o.@9151

~ . . . . . . . . . . . . . .. . . . .. . . . ..- .- . . . . -.-.. -. .+----------------------------

.,x lixxx
.,

:
ii

,,,, 11 ,,, ””,”,,.,.,”., ,
Xxxx” ””’ ‘

XXxxx. x;; xxxx
IXXXXKXXXXZX

{

I II II ;:
. . . . . . . . . . . . . . . . . . . ---------------------------

:
----------------- ------------- ,

g ,.0,7G4 1,
---------- . + ------------- . . . . . . . . . . . . ..- ----------

II
~ 1.9a52n I

II
~;

II II

/: ::
:

% :::;::: ~ ‘r
II II

(~ :/ xl

1.57512 I x II
i:

{~
II

xx i
1.3.) .,0 I xx

ii
I’/

I.z?, c$ I xx II ,,
jj

,,
x

/
1.1+495 I Xrx, ii ii ~~

!, ,, x“

!.”, *23 I x,, II* II :/
,, i

,X,x;;
n.89151 1 ,,,11 xxx””,

x,

O. 76419 I
Px, xzxxx#””x x,llxxxx ”x, xxzxxxxxxxxl tx”,, xxxxxx, xx, ,, ,,, ”,

HXX*XK, X, K!: X””X
/

:1’
II I Irrx

n.63807 I It II !: II 1
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APPENDIX A

ORTHOGRIM Flux Mesh for HFBR
351 Gram Assemblies

X FLUX MESH

PNT
—.

1
2
3
4
5
6
7
8
9

10
11
12
13
1+
15
16
17
18

::
21
22
23
24
25
2b
27
28
29
30
31
32
33
34
35

O(OUTER1

8.4455
16.8910
25.0690
23.2485
41.4273
49.6061
53.6955
57.7849
5S.8296
61. a743
t2.9514
63.8991
64. 8!308
45. S637
66.9860
68.0083
69.0307
70.0530
70.7263
72.4343
74.1424
75.lb47
76.1871
77.20S5
78.2319
78.8364
79.7317
00.6270
.52.3212
83.3435
/24. 3650
E5.3882
06.4105
08.4552
90.4999

O(AVERG I
— -—

4.222i
12.6682
20.9804
29.1591
37.337s
45.5161
51.6508
55.7402
58.8072
60.85L9
62.4350
63.4482
64.349 s
65.3822
66.4748
61.4972
68.5195
69.541E
70.389t
71.5803
73.280:
14.6536
75.6759
76.6982
77.7203
78.5341
79.284C
80.1794
81.4741
82.8323
83.8547
84.8770
85.8993
87.4320
89.4775

THICKNES
——. —

8.4455
8.4455
8.1788
8.17El
8.17@8
8.17E8
4.08$4
4.08S4
2.0441
2.0447
1.1221
0.9017
0.9017
1.1629
1.02”23
1.0223
1.0223
1.0223
0.6733
1.7oel
I.?oal
1.0224
1.0224
1.0224
1.0224,
0.6045
0.8953
0.8953
1.6941
1.0223
1.0223
1.0223
1.0223
2.0447
2.0441

36”
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

2:
57
58
59
60
61
62
63
64
65
66.
61
68
69
70

92.5446
94.5893
S5.6116
‘36.6340
S7.6563
S8.6786

100.3728
101.2683
lC2. 1638
102.7678
103.7903
104.8128
i05.8353
1C6.8578
1C8.5658
110.2738
110. S468
111.9690
112.9913
114.0135
115.0358
116.1s88
117.1008
118.0027
119.1257
121.1702
123.2147
127.3037
131.3s37
L39.5727
147.7507
155.S297
164.1087
i72. 5542
leo.9997

91.522”i?
‘?3.5669
95.1004
96.122f
97.1451
98.1675
99.5251

100.8206
101.7161
102.465E
103.2791
lo4.3olt
105.3241
106.3465
107.7118
109.419E
110.610?
111.457s
112.4801
113.5024
114.524t
115.6172
116.6497
117.5517
118.5642
120.1480
122.1925
125.2592
129.3486
135.4e32
143.661t
151.8402
160.01S2
168.3314
176.7776

2-;044 1
2.0447
1.0223
1.0223
1.0223
1.0223
1.6942
0.8955
0.8955
0.6040
1.0225
1.0225
1.0225
1.0225
1.70E0
1.70E0
0.6730
1.0222
1.0222
1.0222
1.0222
1.1620
0.9020
0.9020
1.1230
2.0445
2.0445
4.oeco
4.0900
8.1750
e.17Eo
e.1760
8.17.$0
8;4455
8.4455
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ORTHOGRIM FLUX MESH

PNT

Y Flux Mesh

OIOUTER)

5
6
7
6
9

14
15

18
19
20
21
22
23
24
25
26
27
28

:;
31
32
33
34
35
36
37
38
39

1.828s
3.6576
4.9720
6.2865
7.3152
8.2296
9.1440

10.0584
10.9128
12.2123
13.1140
14.0157
14.6304
15.5448
16.4592
i7.3736
18.2880
19.5757
20.8634
21.9455
22.8599
23.1743
24.6887
25.6031
26.7893
27.6910
28.5927
29.2608
31.0896
32. S184
36.5759
40.2336
47.5488
54.8640
t2.1792
69.4943
16.8095
83.6547
SO.4999

OIAVERG)
—— .

0.9144
2.7432
4.3148
5.6293
6.8008
7.7724
8.6868
9.6012

lo.5151f
11.592:
12.6631
13.564C
L4.323C
15.0876
16.0020
16.9164
17.830[
18.9318
20.2195
21.4044
22.4021
23.3171
24.231:
25.145S
26.1962
27.2401
28.1418
28. S!267
30.1752
32.0040
34.7471
38.404?
43.8911
51.2063
58,5215
65.8367
73,1519
80.2321
87.0773

T141CKNES
.—. .

1.8228
1.82E8
1.3145
1.3145
1.02E7
0.9144
0.9144
0.9144
0.9144
1.23S5
0.9017
0,9017
0.6147
0.9144
0.9144
0.9144
0.9144
1.2877
1.2877
1.0821
0.9144
0.9144
0.9144
0.9144
1.1!3<2
0.9017
0.9017
0.66el
1.82e8
1.82E8
3.6576
3.6516
7.31!2
7.3152
7.3152
7.3152
7.3152
6.8452
6.8452

PNT
—

:
3
4

2
7
8
9

10
11
12
13
14
15
16
17
18
i9
20
21
22
23

~ Flux Mesh

O I OUTER )

4.4450
7.6200

10.7950
13.7583
16.7216
19.6850
21.8300
24.0066
26.1833
28.3600
29.0512
31.5660
34.0808
36.9794
30.4266
39.8779
41.4956
43.1132
45.7799
51.0762
56.4181
60. S599
64.4523

O(AVERG)
—.-— -

2.2225
6.032:
9.2075

12.2767
15.2400
18.2033
20.757!
22.9183
25.095C
27.271t
28.7054
30.308t
32.8234
35.5301
37.7040
39.1533
40.6868
42.3044
44.4,466
48.828 L
54.1472
58.6890
62.7061

THICKNES
-—--—

4.4450
3.1750
3.1750
2.9633
2.96?3
2.9633
2.1450
2.1761
2.1787
2.17.67
0.6912
2.5148
2.5148
2.89e6
1.4453
1.44s3
1.6176
1.61?6
2.6667
6.09t3
4.5418
4.5418
3.4924
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APPENDIX B “-

Maximum Point Power Densities

P(X,Y,Z) ‘

CASE CASENAliE CASE OES(:RIPTION

A BASECASP Fresh 351 gm core t = 0.0 @ 60 KIW

B 0RTH7 Equilibrium core t=O.O @ 60 MW

c“ ORTH71O Equilibrium core t=6.67 days @ 60 Nit’

D ORTH722 Equilibrium core t=14.33 days @ 60 hlW
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CASE = BASECASP MAxIMuM POINT POMER DENSITIES

FUEL
=.. =

Fl+
Fll
F9
F14
Fll
F9
F14
F9
Fll
F14
F 14
Fll
F9
F9
Fll
F14
F9
Fll
F14
F14
F14
Fll
F14
F9
F9
Fll
Fll
Fll
F14
F9
F9
F14
F9
Fll
F14
Fll
F9
F9
F9
F14
F9
F14
Fll
F 14
F14
Fll
Fll
F14
F14
F9

POSIT ION
=-=. ==..

3
2
1
3
2

;
1
2
3
3
2
1
1
2
3
1
2
3
3
3
2
3
1
1
2
2
2
3
1
1
3
1
2
3
2
1
1
1
3
1
3
2

‘3
3
2
2
3
3
1

ROW
=.=

2
3
4
2
3

:
4
3
2

:
4
4
3
2
4
3
2
2
2

:
4
4
3
3

2
4
4
2
4
3
2
3
4
4
4
2
4
2
3
2
2
3
3

:
4

PL&l E V-LEVEL
-... . . . . . . .

18
Ln
18
18
18
18
17
ir
17
La
17
18
18
L7
17
lb
16
lb
18
17

i7
16
la
lb
ltJ
18
18
15
15
18
15
Lb
18
1+
18
15
15
lb
17
16
14
18
15
17
la
lr
L3

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
8
9
9
9
9
9
9
9
9
8
s
8
9
9
9
9
9
8
9
8
9
9
9
9
9
9
8
9
9
1
8
9

Z-LEVEL
=.==.. =

1

:
2
2
2
1
1
1
3
z
3
3
2
2
1
1
1
1
3
2
3
4
3
2
4
2
1
2
1
1
1
4
1
3
2
L

;
2
3
4
3
1
3
2
4
1
1
1

POHER
.====

3.59618
3.53130
3.51745
3.48305
3.42158
3.40376
3.39580
3.34090
3.33499
3.3L167
3.28892
3.26420
3.23760
3.23285
3.23129
3.19675
3.17143
3.14487
3. L3699
3.13268
3.096L2
3.08250
3.08022
3.07493
3.06884
3.04744
3.04708
3.04262
3.03852
3.02904
3.02490
3.01841
2.99946
2.97685
2.94903
2.94821
2.93 53B
2.93L23
2.92706
2.92342
2.91B93
2.90834
2.90672
2.90444
Z. 89462
2.88432
2.87737
2. B6775
2.86191
2.85204

INDEX
. ...=

1

;
4
5
5
7

B

1:

11
12

13
14

15
lb
17
18
19
23

::
23

:;
26

::
29
33.
31
32
33
34
35
36
37
38
33
40
41
42
43
44
45
46
47
48
49
53
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CASE = 8ASECASP MAx IwM PoINT POMER DENSITIES

FJ EL
=.=.

F9
Fll
F9
F14
Fll
F 14
F9
FL4
F9
FY
FIL
F14
Fll
F9
F 14
F9
F14
Fll
Fll
Fll
F14
F9
Fll
Fll
F9
F 14
F9
F 14
F9
F9
Fll
F14
69
F14
F9
F9
F14
FI 1
Fll
F 14
Fll
F9
F9
F14
Fll
Fll
F14
F9
Fll
F14

POSITION
=. ..==..

:
1

;
3
1
3
1
1
2
3
2
1
3
1
3
2
2

;
1
2
2
1
3

;
1

:
3
1
3
1
1
3
2
2
3
2
1
1
3
2
2
3
1
2
3

ROW
. . .

4
3

4

:

2
4
2
4
4

3
2
3
4
2
4
2
3

3
3
2
4
3
3
4

2
4

2
4
4

3
2
4
2
4
4

2
3
3
2

3
4
4
2
3
3

2
4
3

2

PLATE Y-LEVEL
=. ..= ===!.===

it
L4
14

::
L3
L8
L5
15
12
10
A8
L7
11
it
L3
La
13
L4
L5
16
lL
i8
lb
15
A3
14
LB
La
12
L7
18
17
12
13
18
14
L3
12
Lti
L8

9
11
L?
14
10
10
13
L7
Ld

9
9
9
9
8
9
a
9
9
9
9
7
8
8
8
9
9
9
9
9
9
9
r
9
9
9
9
6
7
9
8
8
8
9
9
9
9
9
9
7
7
9
9
8
9
8
8
9
9
6

Z-LEVEL
=.===. .

4
1
2
2
3
1
3
3
3
1
5
2
1
L
2
2
5
1
2
3
4
1
1
4
4
2
3
1
1
2
2
4

:
L
5
3
2
1
3
2
L
2
3
3
4
1
3
5
2

Po14ER
=..==

2.84866
2.84329
2.84044
2.8L309
2.8L291
2.78970
2.18828
2.78461
2.78415
2.18L87
2.77970
2.77804
2.17784
2.77668
2.77208
2.75983
2.75976
2.75797
2.75493
2.75145
2.73790
2.72990
2.72762
2. 7L307
2.70429
2.70205
2.70184
2.69868
2.69603
2.69L9T
2.69L77
2.68806
2.68702
2.6,8485
2.68L42
2.67978
2.67966
2.67224
2.65019
2.64704
2.64325
2.64184
2.64173
2.64081
2.62801
2.62635
2.62557
2.62529
2.62355
2.61464

INDEx
.====

51
52

:?
55
56
57
58
59
63
61
62
63
64
65
66
67
69
69
70
71
72
73
74
75
75
77
70
79
80
8L
82

::
85
86
87
88
89
93
9L
92
93
94
95
95
97
98
99

100
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CASE = BASECASP MAX IMJM POINT PUWER DENSITIES

.

FuEL
=.==

F9
F9
F14
F14
F14
F9
F9
FA4
F9
F14
F9
Fll
F 14
Fll
Fll
Fll
F9
F9
F14
F9
F9
F9
Fll
Fll
F9
F9
F14
F9
F9
F9
Fll
F9
F9
F14
F9
F14
F9
F14
F9
F14
Fll
Fll
F14
Fll
F14
F9
F14
F9
F9
FL4

POSITION
=.*. =..=

1

i
3
3
1
1
3
1
3
1
2
3

2
2
2
1
1
3
1
1
1
2
2
i
1
37
1
1

;
1
1
3

!
1
3
1
3
2
2
3
2
3
1
3
1
1
3

Ron
== .

4
4
2
2
2
4
4
2
4
z

;
2
3
3
3
4
4
2
4
4
4
3
3
4
4
2
4
4

:
4
4
2
4
2
4
2
4
2
3
3
2

;
4
2
4
4
2

PLATE
. ..==

8
ld
i?
12
11
A3

7
15
lLi
18
15
14
13

11
1/
15
lb

1:
12

9
17
16
13

5
17
16

4
8~

18
1

1:
Al
,>

T
18
14
18
18

i:
Ll
14
Lb
17

1:
12

V-LEVEL
-= .==..

9
7
9
9
9
9
9
9
8
5
9
9
9

:
9
8
9
7
9
9
8
8
9
9
9
8
9
9
9
7
9
9
9
9
9
9
4
9
5
6
9
6
9
9
8
7
9
7
9

Z-LEVEL
.==.==.

1
2~

2
1
2
1
4
4
1
4
2
3

;
4
1
1
1
3
2
3
1
3
1
5
2
L
2
1
3
1
1
2
3
1
2
1
4
2
1
1
3
2
4
2
2

:
3

POMER
==...

2.61171
2.60917
2.60561
2.60062
2.59800
2.59407
2 .5%897
2.58546
2.58338
2.58241
2.57973
2.57550
2.574L0
2.57146
2.56828
2.56602
2.56713
2.56543
2.56326
>. 56088
2.55663
2.55631
2.55415
2.54903
2.54665
2.54519
2.54318
2.53279
2.52753
2.52396
2.52214
2.52169
2.52025
2.51665
2.51326
2.50912
2.50557
2.5iJ512
2.50384
2.50242
2.49849
2.49297
2.49210
2.49156
2.48841
2.48426
2.48311
2.40284
2.48233
2.47775

lNOEX
.= .=.

101
102
103
104
135
106
107
139
109
113
111
112
113
11%
115
115
L17
118
119
120
121
122
123
124
125
126
127
128
129
133
131
132
133
134
135
135
137
138
139
140
141
142
143
144
145
146
147
148
149
153
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CASE = BASECASP MAXIMUM POINT POWER OENS ITIES

FUEL
====

F9
Fll
Fll
F9
F9
F14
Fll
Fll
F14
fll
F14
F9
F14
F9
Fll
F9
F9
F14
F9
F9
F14
F 14
F14
Fl+
FLL
F9
F9
Fll
Fll
F14
F9
F9
FL4
F 14
Fll
F9
Fll
F14
F14
FL4
F9
Fll
Fll
Fll
F14
F9

“F14
F9
FIL
F14

POSIT ION
..=’ .==..

1
2
2
1
1
3
2
2
3’
2
3
1
3

;
L
1
3
1

:
3
3
3
2
L
1
2
2
3
1
1
3
3
2
1
2
3
3
3
1
2
2
2
3

i
L
2
3

ROIS
===

4
3
3
4
4

:
3
2
3
2

;
4
3
4
4
2
4

:
2
2
2
3
4
4
3
3
2
4
4
2
2
3
4
3
2
2
2
4
3
3
3
2
4
2

;
2

PLAIE
=.==.

la
lb
16’
13

5
L8
1S
12
lb
L%
17

4
10

3
11

1
2

L5
13

9
12

9
18
16
A8
17
16
AJ

9
18

8
15
18
11
il
18
18
13
Lr
18

7
13
11
15
lu
12
ld
17
17
1?

Y-LEVEL
s. =.=!..

b
8
9
9
9
7
9
9
9
9
8
9
3
9
?
9
9
8
9
9
9
9
4
8
6
7
9
9
9
8
9
8
2
9
8
b
8
9
b
5
9
9
9
8
1
9
3

;
7

Z-LEVEL
=.====.

1
2
5

:
4
b
3
5
4
4
2
1
2
1
2
2
L
4
3
2
L
2
3
2

:
2
1
5
3
1
1
3

;
5
4
1
3
3
4
3
1
1
4
2
4
2
3

POnER
=.=. .

2.47739
2.47510
2.47311
2.46885
2.46471
2.45935
2.45767
2.45681
2.45315
2.45244
2.45240
2.45134
2.44533
2.44283
2.44205
2.44067
2.43926
2.43390
2.43337
2.43266
2.43073
2.42804
2.42798
2.42281
2.42144
2.41690
2.41688
2.41555
2.41390
2.40949
2.40516
2.40381
2.40167
2.39808
2.39805
2.39795
2.39558
2.39091
2.38805
2.38605
2.38445
2.37856
2.37663
2.37526
2.37501
2.37422
2.37050
2.36831
2.36667
2 .3bb08

I NOEX
=..-=

151
152
153
154
155
155
157
L 58
159
L60
161
162
163
164
165
166
167
L68
169
173
L 7L
L72
173
L74
175
176
177
17B
179
180
181
182
183
184
185
185
187
188
183
193
191
192
193
194
195
196
L97
199
199
233.
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CISF = cRTtJ7 M#x IMuM PoIKT PCklER DENSITIES

FUEL
----

~~

F@
Fll
F?
F8
Fll
Ff
F3
F3
F@
Fll
68
Fll
F3
F?
Fe
F14
Fll
F8
F6
Fll
F8
F3
F$
F3
F 14
F@
F6
F1l
F?
Fll
F?
F9
F3

FE
F8

F8
F 14
Fll
F3
F?

F 14
Ft
Fll
F8
Fll
Fe
~e
F$
Fll

prJ~r~ToN
.= .=.=.=

1
1
4
1
1
4
1
1
1
1
4.
1
4
1
1
1
6
4
1
1
4

:
2
1
6
1
1
4
1
4
1
2
1
1

;
6
4
1
1
6
1
4
1
4
1
1
2
4

PLATE
=.=..

1
1

18
1

1:
2
2
1
1
11

2
lE

2
1
1

18
17

~

1
18

2

1:
2

18
3
1

16
1

17
3

le
2
2
4
1

11
16

1
1

le
2

17

1:
1
1

17
le

-71-

2-LEVEL
s.====.

1
1
1

2

:

1

1
3
3
1
2
3
2
4
4
1
2
1
1
4

3
1
1
3
2
2
2
1
1
?
2
2
4
4
1
1
1
2
5
2
?

1
4
~

1
?
5
1
5

FOk ER
. . . . .

3.16144
3.15~97
?.l]ces
3.08921
3. ce652
3.0?9?7

3.01053
2.9G486
2.9ef74

2.98133
z.541tl
2.54049
2.93743
;.szt?l
2.e~9=6
2.ee272
2. EEc7t
2.87990
2.$6796
z. Et4~t
2.85600
2.84014
2.0?007
2.83061
2.e2822
2.a14t5
2.80119
2.3550E
2.79000
2.7@404
Z.3E217
2.1t E07
2.16445
2.14tlz
2.74578
2.14452
z.1444t
2.73145
2.72?82
2.72222
2.72043
z. 71s70
2.71t5z
2.7 C549
Z.7C 547
2.1o501
2.70493
Z.7CZ14
2.70029
2.te548

It. CEX
. . . . .

I
2
~

4
5
t
-)
8
5

10
11
12
13
14
15
16
17
18
19
20
21
22
z?

24
25
Zt
27
2e
x
30
31
32
33
34
35
36
31
38
35

40
41
42
42

4’4
45
4t
47
4E
49
50



CASE = 0RTH7 MA XI PL*P P121NT PCWER CEh SITIES

Ftl FL
.=. ,

~~
Fe
FE

F3
F5
F14
F14
~e
Ft
!=6

Fll
Fll
F9
Fll
F?
F3
F$
F8
Fe
FE
F3
Fe
Fll
F8
c 14
F2
F14
F$
~~

~6
FE
Ft
Fll
F?
F3
Fll
F?
F 14
F$
Fll
Fll
F8
F@
F3
Fe

,F14
F14
p?

F9
F6

POSITION
,=. s==..

1
1
1
1
2
e
6
1
1
1
4
4
2
4
1
1
2
1
1
1
1
1
4
1
6
1
6

J2
1
1
1
1
4
1
1
6

1
6
2
4
4
1
1

{l
1
6
6
1
2
1

ROh
===

2
4
4
2
4
2
z
4
?
~

3
3
4
3
2
2
4
4
4
4
2
4
~

4
2
2
2
4
2
3
4
~

3
2
2
3
2
2
4
?
~

4
4
2
4
2
2
2
4
3

PLATE
===<.

:
4
~

18
11
Ie

5
2

1;
18

17
16

1
.4

18
?

5
t
:

L
15

4
16

5
l?
16

2
3
2
z

16
2
1

18
1

;;
17
14

7
t

;
11
16

5
16

3

Z-LFOEL
.= ...=.

1
d
2
3
3
2
4
1
2
4
1
2
~

3
3
2
4
4
2
1
4
3
2
~

1
1
3
1
5
1
5
3
4
1
1
3
4

:
5
1
1
2
3
1
4
2
2
2
2

PObER
. . . . .

2. te346
2.t Ec62
2.68058

2.67316
z.tts41
2.66868
Z.6tl?4t
2.ttlot
2.65400
?.t:ll:
2.t4S8e
2.64286
‘2.t2711
2.6241t
2.62G18
z.tzl~E
2.61551
2.61512
2.6048e
2.59538
2.59502
.2.5 E911
2.58890
z.: ftef
2.5e715
2.58505
z.?7e4E
z.s7e?z
2.57814
2.?7?2?
2.57424
2.56460
2.?t G12
2.55781
2.55647
2.55409
2.55207
~eff~~z

2.54t21
2.54387
z. f2tt2
2.5?515
2.53483
~. f~?,$

2.5?zlo
2.52S29
.2.fz7t?
2.52579
2.51795
2.515s2

1 NOEX
=. *..

51
52
53
54
5:
56
57
5E
59
6C
61
62
63
64
65

“66
67
68
t~
70
71
72
7?
14
75
76
77
7e
79
80
81
82
e?
84
85
et
87

H
90
51
92
93
S4
55
96
S7
98
99

Ico

-72-



CASE = ORTH7 MAxIMuM POINT POHER OENS ITIES

FUEL
==. =

F8
F6
F 14

;2
F8
F8
Fll
F3

F3
F9
F14
F6

F8
Fll
F3
Fll
Fll
F8
Fll
F9
F8
F9
F8
Fll
F3
F14
F8
F8
F9
F6
F8
F8
F6
F14
F3
Fll
F3
F8
F8
F6
F9
Fll
Fll
F3
F9
F3
F9
F3
F8

POSITION
==..=.*=

1
1
6
1
1
1
1
4

1

1
2
6
1
1
4

1
4
4

1
4
2
1
2
1
4
1
6

1

1
2
1

1
1
1
6
L
4
1
1
1
1
2
4
4
1
2
i
2
1
1

ROti
. . .

4

3
2
2
3
4
4
3
2
2
4

:
4
3
2
3
3
4
3
+
4
4
4
3
2
2
4
4
4
3
4
4
3
2
2
3
2
4
4
3
4
3
3
2
4
2
4
2
4

PLATE
=.=. =

1
17
ld

15
2

13
4

15
1
3

la
4
9
6

1:
5

18~

a
5
3

10
15
17

1:
2

15
1

Lo

Y-LEVEL
.. =..=.

9
9
9

:
8
9
9
8
7
9
8
9
9
8
9
9
a
9
9
8
9
9
8
9
9
9
r
9
9
9
9
9
8
9
9
7
9
Y
9
9
9
9
8
9
8
8
9
7
9

Z-LEVEL
. . . . . . .

3
4
5
6
1
4
4
3
2
z
4
2
5
1
1
1
6
4
6
2
1
2
1
2
1
4
1

,1
5
5
1
1
3
2
3
3
1
5
2
4
3
3
4
2
z
2
3
2
3
1

POUE R
. . . . .

2.51568
2.51301
2.50441
2.50365
2.50324
2.50237
2.50203
2.50175
2.49931
2.49808
2.49425
2.49301
2.49287
2.49123
2.48718
2.48662
2.48364
2. 48L 98
2.48094
2.47841
2.47663
2.47597
2.47318
2.47316
2.46174
2.45924
2.45800
2.4550L
2.+5J7L
2.45129
2.45001
2.44806
2.44794
2.44564
2.44201
Z .44076
2.43632
2.43631
2.43305
2.43114
2.43105
Z.43103
2.43100
2.43002
2.42959
2.41864
2.41533
2.41521
2.41423
2.41138

1 NOEX
=..=.

131
102
li33
104
105
105
107
108
133
110
111
112
113
lL4
115
116
117
118
119
123
121
122
123
124
125
125
127
12B
129
130
131
132
133
134
135
136
137
138
133
143
141
1+2
L43
144
145
146
147
149
149
lsil

-73-



CASE = 01?TIi7 MAX IMJf4 POINT POWER DENSITIES

FUEL
. ..=

F3
F14
Fll
FL1
F9
F14
F8
F3
F3
Fll
F14
F6
F8
F8
F8
F8
F6
F9
Fll
Fll
F14
F3
F14
F3
F8
F6
F8
F6
F3
F14
F8
F8
FB
F3
F14
Fll
F 14
F8
Fll
F9
F6
F3
FE
F8
F3
F3
F9
F3
F8
F9

POSITION
.. =.=...

1
6
4

4
2
b
I
1
1

:
1

;
1
1
1
z
4

4
b
1
6

:
1

:
1
6
i
i
1
t
b
4
6
1
4
2
1
L
1
1
1

;
1
1
2

ROII
..=

2
2
3
3
4
2
4
2
2
3
2
3
4
4

4

;

;

3
2

2

2
2
4
3

;

:
4
4
4
2
2

3
2

;
4

3

2
4
4

2
2
4

2
4
4

PLAr E
. ...=

1

itl
16
15
1+
15

1
7
L

1*
16

4

7
9
2

11
3

Lb
18

12
11

2

14
5
b
1
2
2
.4

18
12
lJ

3
1

17

17
18

8

L7
A4

s

b
1

4
2
1

13
1

13
11

Y-LEvEL Z-LEVEL
. . . . . . . =======

6
8
9
9
9
9
7
9
8

9
9
9

9
9
8
9
9
9
7

9
9

9

9
9

9
8
9
9

8

8
9
9
8
6
8
9
7

9
8
9

9
9
8
9

8
7
9
9
9

9

i
3
5
2
L
2
2
1
5
3
4
2
3
2q

1
4
4
2

:
6
1
4
4
3
6
5
1
4
1
2
1
2
1
6
1
3
3
2
1
3
5
5
6
4
1
2
1
5

PO14ER
==.=.

2.40956
2.4.9865
2.40716
2.40503
2.40662
2.40139
2.39188
2.39617
2.39617
2.39693
2.39466
2.39356
2.39103
2.39085
2.38860
2.38170
2.38L48
2.38063
2.38036
2.37563
2.37378
2.37147
2.36909
2.36886
2.36554
2.36319
2.36317
2.36287
2.36228
2. 36L46
2.35850
2.35499
2.35486
2.35456
2.35410
2.35275
2.35103
2.34952
2.34829
2.34821
2.34794
2.34773
2.34631
2.34570
2.34364
2.34292
2.34150
2.34120
2.33887
2.33743

INOEX
al=.=a

151
152
153
154
L 55
156
157
158
159
163
161
162
163
164
165
165
167
16!3
169
170
171
172
173
174
175
176
171
178
179
180’
181
182
183
184
185
186
187
189
189
193
191
192
193
194
195
195
197
198
193
200

-74-



C#SF = cRTb710 MJX IPUM POINT POWER cENSITIES

FUEL
===.

FE

F?
FF!
F?

Fll
Fe
FF
F3
Fll
F?
F8
Fll
F?
Fll
F8
Fe
F3
l=?

Fll
Fll
FE
Fll
F3
Fll
F?
F8
Ft
F8
F14
F?
FE
Fll
Fll
F3
F?
Fq
F6
F14
F?

F3
Fll
F8
F14
F?
F3
F6
Fe
F8
~11
Fq

Po~Il~oN
=.=.===.

1
1
1
1
4
1

:
6
1
1
4
1
4
1
1
1
1
4
1
1
.4
1
4
1
1
1
1
6
1
1
4
4
1
1
2
1
6

:
4
1
6
1
1
1
1
1
4
2

RCh
.=.

4
2
4
2
~
4
4
2
3
2
4
3
2
3
4
4
2
2
?
4
4
~

2
3
2
4
3
4
2
2
4
3
~

2
4
4
3
2
2
2
3
4
2
2
2
3
4
4
3
4

PIATE
==.. -

1
1
1
1

]e
1
1
1

1!3
1
2

18
2

IE
2
1

;
11

2
2

le
2

17
2
3
1
1

18
1
~

17
17

;
le

1
18

1

1:
1

18
1
?

1
3
~

16
lE

Z-LEVEL
.=. =.==

1
1
2
2
1
3
4
4

:
1
4
1
?

2
5
~

2
1
~

4
5
4
2
?

1
1
6
1
6
2
4
3

:
1
2
2
1
~

6
7
4
1
2
4
3
4
1
2

POUER
=. ..=

2.83619

2. @2317
2.7542?

2.78141
2.16774
2.7?510
2.73463
2.13158
2.lzt65
2.72251
2. 7C334
z.67e7?
2.67356
Z.ttfes
2.tt?29
2.64404
2.(4105
2.t??9z
2.62201
Z.tctll
2.60565
2.5S075
2.5 E:Et
2.58302
2.51197
z.f-lte?
2.54730
2.54697
2.54602
2.54414
~.~:ff~

2.5?.572
2.52813
;. f~t,4

2.51s2e
2.51531
2. fcs35
2.50821
2.5004fl
2.50C2:
2.49763
2.45607
2.4919s
2.49054
2.48S18
2.48t75
2.48455
2.4 E214
2.48134
2.47787

INCEX
=====

1
2
~

4
5
t,
7
8
s

10
11
12
l?

14
15
16
17
IE
19
20
21
22
23
24
25
26
27
28
2s
3(I
31
~~

33
34
~~

36
37
38
39
4C
41
42
4?

44
45
4t
47
4e
49

50

-75-



CASE = CR1H71O P4x I#ufJ FCINT Pc.UER CENSITIES

FuEL
===.

F8
F8
F$

Fll
F6
F14

F?

Fll
Fll
F?
F3
FE
F8
Fe
F9
F6

F14
F14

F?
Fll
F?
F6
~~

Fq

Fe
Fll
F8
=3
Fll
FFj
Ft
F9
F?

FE
F14
F3
FE
Ffl
~e
Fl?
F13
Fll
F:
Fll

Fll

F9
F3
F14

F8
F3

PoSITION
.= ==== ==

1
1
2
4
1
6

1
4
4
1
1
1

1
1
2

1
6
6

1
4

1

1
1
2
1
4

1
1
4
1

1
2
1

1
6

1
1
1
1
1
1
4

1
4
4

2
1
6

1
1

ROh
. . .

4
.4
4
3
3
2
2
3
3
2
2
4
4
4
4
~

2
2
2
3
2
3
2
4
4
?
4
2
~

4
3
4
2
4
2
2
4
4
4
4
4
3
2
3
3
4
2
2

2

PLATE
=====

4
1

18
le

1
18

1
17
16

~

3
4
1

1:
2

17
It

2
If

i

1
1

17
3

It
f

4
16

2
2

lE
1
4

17
1
1
4
1
1
1

18
2

18
17
17
3

17

4

Z-LEVEL
~======

1
1
‘4
7
:

3
2
~

2
4
~

2

2
6
3

1
1
5
t

1
4

5
3
1
5
4
1
1
3
7

2
5
e

3
2

10
3
4
4

10

:
-f

10
6

2
5
4

2
2

PCh EFl
.= ===

2.46709
z.4tf4e
2.460~t

2.45501
2.4?5E7
2.45466
2.45358
~.a5?44

2.44436
2.44271

2.4?605
2.43042

2.42881
2.42715
2.42484

2.41?15
2.41?75
2.40917
2. 40SL?
2.40751
2.40708
z.4c4~%
2.40125
2.40089

z .400?7
2.39959
2.? 9705
2.?9435
2.39223
Z.?eo?t

2.?1914

2.37G02
2.:7E5t
2.37852
2.37780
2.?7141
2.37698
2.37613

2.?1445
2.37318

2.? 7205
2.?7~62

2.36939
2.?t7cl

2.?t586
2.36507
z.2tle7
2.36139
2.36138
2.?5@70

lNCEX
== =.=

51
52
~~

54
55
St
57
5E
59
60
t]
62
63
t4
65
66
t-l
68
~.$

-fG
71
72
73
74
75
76
77
le
79
ec
81
82
83
84
85
et
87
88
8’3
90
$1
S2
93
54
95
96
57
98
99

100

-76-



CASE = ORTH71O MAXIMUM POINT PO blEi7 OENSI TIES

FUEL
a.==

F6
Fll

F3

F9
F8
Fll
FE
Fll
F6
Fll
F3
F14
Fll
F14
Fll
:;;

F6
F9
F3
F8
F8
Fa
F3
F3
F8
F8
F8
F9
F9
F3
F14
F6
F6
F3
F14
F14
F8
F8
F6
F8
Fll
F3
F3
Fll
F9
F3
F8
Fll
F8

POS[TION
=..==.=.

1
4
1
2
1
4
1
4

i
1
6
4
6
4
4
4
1
2
1.
1
1
1
1
1
1
1
1
2
z
1
6
1
i
1
6
6
1
1
1
1
+
1
1
4
2
1
1
4
1

ROM
.==

3
3
2
4
4
3
4
3
3
3
2
2
3
2
3
3
3
3
4
2
4
4
4
2
2
4
4
4
4
4
2
2
3
3
2
2
2
4
4
3
4
3
2
2
3
4
2
4
3
4

Y-LEVEL
=.====.

9
9
9
9
9
9
9
9

:
8
9
9
9
8
9
9
9
9
9
9
9
9
9
9
9
9
8
9
9
8
9
9
9
1
9
9
9
8
9
9
9
9
9
9
9
9
9
9
9

-77-

Z-LEVEL
== . ...=

4
1
9
4
9
8
1
7
3
4
5
3
9
6
3
5
2
6
3
4
6
3
4
3
1

;
5
1
6
1
7
1
7
1
1
~

10
1
5
1
4

1:

:
2
7

10
8

POMER
=====

2.35675
2.35!598
2.35054
2.34790
2.34490
2.34432
2.33233
2.33071
2.32826
2.32734
2.327i6
2.32683
2.326i9
2.32105
2.32o97
2.32082
2.32380
2.31908
2.31427
2.31367
2.31291
2.3L083
2.30827
2.30816
2.30400
2.29759
2.29721
2.29580
2.29388
2.29193
2.29108
2.28978
.?.28941
2.28896
2.28730
2.28613
2.28292
2.28035
2.27965
2.27928
2.27780
2.27744
2.27648
2.275L7
2.27112
2.26964
2.26958
2.26928
2.26538
2.26369

INDEX
.= .==

101
102
133
104
105
135
107
108
109
110
111
112
113
114
115
1 lb
117
LILI
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
13!)
137
138
133
140
141
142
143
144
L45
146
147
148
i43
153



CASE = OR TH71O MAXIMUM PoINT PCIMER DENSITIES

FUEL
.===

F9
F14
F9
F3
F3
F6
Fll
F3
F14
Fll
F8
F8
F8
FO

G
F9
F3
Fll
F3
F3
F8
F14
F6
FB
F6
F14
F3
Fll
F3
Fll
Fll
FE
F3
Fll
F8
F3
F9
F3
F3
F14
Fll
F6
F3
F3
F14
F8
F13
Fll
F9

POSITION
.==== =..

2
6
2
1
1
1
4
1
6
4
1
1
1
1

:
2
1
4
1
1
1
6
1
i
1
6
1
4
1
4
4
1
1
4
1
1
z
1
1
b
4
1
1
1
6
1
L
4
2

RON
.==

4
2
4
2
2
3
3
2
2
3
4
‘4
4
4
2
4
4
2
3
2
2
4
2
3
4
3
2
z
3
2
3
3
4
2
3
4
2
4
z
2
2
3
3
2
2
2
4
4
3
4

Y-LEVEL
.= ==== =

9
8
9
9
8
9
9
7
9
8
9
8
9
9

:
9
9
9
9
9
9
9
9
9
8
8
9
9
9
9
8
9
9
9
8
8
9
7
8
/3
9
9
8
7
9
7
9
9
8

Z-LEVEL
,= ==== =

7
1
2
8

:

;
2
5
3
2
4
2

:
4
7
6
5
9
1
4
4
5
1
2
4
8
3
2
1
6
1
9
6
4
3
4
3
4
7
3
7

‘:
1
2
5
1

POUE R
=. ..=

2.26157
2.25964
2.25959
2.25711
2.25699
2.25516
2.25412
2.25326
2.25199
2.25086
2.24828
2.24568
2.24555
2.2+382
2.24238
2.24236
2.24204
2.24068
2.23856
2.23714
2.23661
2.23621
2.23520
2.23286
2.23L58
2.22723
2.22595
2.22507
2.22507
2.22080
2.22038
2.21620
2.21382
2.21379
2.21371
2.21283
2.21267
2.21084
2.20912
2.29859
2.20a52
2.23682
2.20673
2.20565
2.20491
2.20346
2.20338
2.20282
2.20269
2.20227

1 NOEX
.s ..=

151
152
153
154
155
156
157
158
159
160
16 L
162
163
166
165
166
167
168
169
173
171
L72
173
174
175
176
177
178
179
180
181
182
183
18+
185
186
187
188
189
190
19i
192
193
194
195
196
197
198
199
20.2

-7a-



CASE = OR TH722 MA XIMIM POIN1 POhER OENSIIIES

FUEL
.=. =

F8
F?
F?

F8
Fe
F?

Fll
Fll
F8
Fll
F?

F3
F@
Fe
Fll
F?

Fll
F8
FE
~?

F3
F?
F3
F@
Fll
F8
Fe
F?
Fll
Fll
Fe
Fll
Fll
Fll
F3
F[
F8
F3
Fll
F8
F@
F?

F6
F?
F14
Fll
Ft
~~

F14
FE

FCSITI@N
S**.*=*.

1
1
1
1
I
1
4
4
1
4
1

/
1
4
1

:
1
1
1
1
1
1
4

:
1
4
4
1
4
4
4
1

:
1
4

:

:
1
t
4
1
1
6
1

RC14
**.

4
2
2
4
4
2
3
3
4
3
2
2
4
4
3
2
3
4
4
2
2
2
2
4
~

4
4
2

:
4
3
3
?
2
4
4
2
~

4
4

:
2
2
3
3
2
2
4

-79-

Z-LEVEL
..====.

1
1
4
2
4
2
1
4
3
2
3
5
5
1
3
1
5
2
4
4
2
1
6
t
1
7
3

10

;
1(I
10

6
2
3
5
i
5
3
2
4
1
1

9
4
5
4
E
1
9

PO NER
=.===

2.5114?
2.57892
2.55292
2.56.s37
2.54629
2.54575
~ef~~z~

2.50681
2.50176
2.!0067
2.49893
Z.4C?16
2.47732
2.46495
2.454S?5
2.44t0,7
2.43947
2.42?32
2.43036

2.42019
2.41451
2.41261
2.41257
2.4 G769
2.40352
2.40223
2.28862
2.37998
z.~~~z~

2.?1?14
2.37392
Z.2-IZ17
2:37269
2.3724e
2.26see
2.36438
2.35471
2.?5410
2.32881
2.22442
2,:204t

2.31663
2.21:14
2.3]503

2.31455
2.:123E
2.31297
2.31040
z.2Qlt4
2.30548

1 NOE X
*..=.

1
2
3
4
5
6
1
8
9

Ic
11
12
l?

14
?.5
It
17
Ie
1s
20
21
22
23
24
25
26
21
28
2s
30
31
32
33
34
35
36
37
3e
39
40
41
42
43
44
45
46
47
48
4s
50

9



CISE = CRTP722 W4X IWJM P“OINT PGUER OENS ITIES

FUEL
. ..=

FE
F@
F@
Fll
F3
F3
F?

F3
F3
F8
F6
F3
F@
Fll
Fll
F14
F5
Fll
F9
F3
F?
FB
Fe
F8
Fll
Fll
F14
F6
Fll
Fll
F3
Ft
F9
F14
FF
F8
F3
fe
F8
F3
Fll
F9
FE
Fll
F3
F@
F?
f3
Fq

Ft

po~ITrIJN Itch
. ...=... ===

1
1
1
4
1
1

:
1
1
1
1
1
4
4
6
2
4

:
1

:
1
4
4
t
1
4
4
1
1
2
6
1
1
1
1
1
1
4
2
1
4
1
1
1
1
2
1

4
4
4
3

:

;
2

:
2
4
3
3
2
4
3
4
2
2
4
4
4
3
3
2
3
3
3
2
3
4
2
4
4
2
4
4
2
3
4
4
?
2
4
2
2
4
3

PLhTE
*..=*

1
2
2

le
3
1
2
2
3
2
1
2
3

16
18
le

:;
le

1
1
1
4
3

17
16
le

1
lT
16
3
1

le
18

1

;
1
4

11
le

1:
2
3
1
4

18
2

V-LEVEL 2-LEVEL
*== .=.- .==. ..*

8
6
1
9
4
1
7
6
2

10

1:
3
1
8
2

1:
1
4
2
1
1
5
1
4
5
5
6
2
~

3
2

:
2
5
4
4
3
1
5
9
3
s

10
5
1
3
1

POUER
*===.

2.29846
2.2$831
2.2 S4GS
2.29335
2.29074
2.29041
2.28963
2.2 [7$1
2. Z8t63
2.28570
z.ze:ls
2.28211
2.28151
Z.21E74
2.;7841
2.21783
z.zl!tt
2.27510
2.26S50
2.zt401
2.26080
2.25944
Z.ifaae
2.25735
2.2:512
2.2?256
2.25111
;.2:C81
2.2:0?1
2.24923
2.24412
2.24304
2.2’$022
2.2?556
2.23028
2.22<76
2.22020
2.22529
2.22492
2.21874
2.21713
2.21265
2.20897
2.20760
2. zotee
2.zo22e
2.20188
2.1s55s
2.19873
2. 19e56

INOEX
*=. .,

51
52
5?

54
55
56
57
5e
5s
60
61
62
63
64
e?
66
67
68
69
70
71
72
l?

74
15
lt
77
7e
7s
80
al
82
83
e4
85
86
e7
88
es
9C
91
~2
q:

94
55
~t
97
5e
99

100

-80-

●



CA~E . cRTI+722 M~x IPW PCIhT PCNEP OENSITIES

FUEL
**.=

$t
F8
F 14
F14
F3
Ff
!%
Fe
Fll
F8
F14
Fll
F6
Ff
F?
Fll
1=[
F 14
~11
Fll
F9
F3
F?

F9
Ft
F?

F8
Fll
F?

Fll
FE
Fe
F14
FE
F9
F6
F?

F9
Fll
F9
F3
Fll
f?

Fll
Fll
F8
F14
Ft
F8
Fll

PoSITION
*...***.

:
6
6
1

:
1
4
1
6
4
1
1
1

4
1
6
4
4
2
1

:
1

:
4
1

4
1
1
6
1

:
1
2
4
2
1
4
1
4
4
1
6
1
1
4

-81-

2-lEtEL
.-*. =**

7
8
4
1
e
1
4
6
5
7
1
4
6

1:
2
3
6

1?
4
4
2

:
1
~

1
6
0
5
5
.

:
1

10
10

:
2
7
4
6

z
1
5

1:
6

PchEP
.**. *

2.19829
2. JS745
2.19674
2.19673
2. IS6CJ5
2.19577
2. 1~529
2.19464
2.19206
2. 1s161
2.19152
2.1!2058
i. ]e575
2.18895
2.18894
z.lt E3$
2.18838
2.18751
2.18631
2.18297
2.1749t
Z.17Z72
2.17100
z. 17a34
2.17005
2. 16S76
2.lt74G
2.1671t
2.16631
z.lt59s
2.16407
2.16433
Z.lt?ll
2.16224
2.16211
2.15825
2.15397
2. 1517?
2.14779
2.14226
2. 1617t
2.14114
2.14000
2. 13s12
2.13900
2.13772
2.1265?
2.13630
2.13353
2.1??3?

lI$CEX
.= .=.

101
102
103
104
10:
106
107
Ioe
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
lze
129
130
131
132
132
134
135
13t
137
138
139
140
141
142
143
144
145
146
147
140
149
150



C#SE = 0RTF722 MAX IMIM POINT POHER OENSIIIES

FUEL
=...

F8
Fll
F14
F3
Fe
Fll
Fe
F 14

;:

F?

;;

F?
F?
FS
F3
F8
Fe
F8
Fe
Fe
Fll
FE
F9
F3
FE
F8
Fll
F?
F3
Fe
f?
F3
F8
F6
F6
F6
F14
F?

Fll
F?
Fll
FC
F 14
F3
F$

Fll
F14
Fe

FCSITICN
..=. =...

1
4
6
1“
1
4
1
6
1
1

:
1

:
2
1
1
1
1
1
1
4
1
2
1
1
1

4
1

;
1
1
1

:
1
6
1
4
1
4
1
6
1
2
4
6
1

REM
=..

6
3
2
2
3
3
4
2
4
2
2
+
2
2
4
4
2
4
4
4
4
4
3
4

;
4
4
3
2
2
4
2
2
4
~

3
3
2
2
3
2
3
3
2
2
4
3
2
4

FLSTE
.==. =

1
1s
le
4
2

18
5

17
3
2
5

17
4
1

6
18

4
1
6
4
1
:

15
4

17
3
3
2

15
5
2
5
2
5
7
2
3
1

11
3

16
1

15

1:
1

16
le
16

1

-82-

2-L EVEL
=.*=.=.

10
5

10
3

1:
3
3
q
1

:
5
1

1:
10

6
4
‘6
7
5

10
7
3

:
1
3
4
4

10
2
2
1
7
1

9
7
8
9
4
5
4
4
2
4
7
1

11

POh ER
.= *=.

2.1225s
2.13164
2.13105
2.130?7
2.1292.0
2.12e92
2.12702
2.12271
2.ll15t
2.11706
2.11674
2. ]l:5e
2.11440
2.11010
2.11004
2.10754
2.10737
2.10542
2.10458
2. 10455
2. 10?94
2.10332
2. lo30e
2.10268
2.10237
2. 102?(
2.10187
2. C9576
2.09919
2.09127
2.09065
2.09051
2.08958
2. CE514
2.0886?
2.08863
z. ce7e9
2.08767
2.ce722
Z. GE4S4
2 .08+04
2.08382
z.ce2t4
2.08349
2.ce348
2.08269
2.08109
2.08004
2.08003
2.07911

INOE X
.= .==

151
152
153
154

155
156
157

158
15s
16C
161
162
163
164
165
166
167
lee
169
17C
171
172
173
174
175
176
177
178
175
180
181
lez
183
184
185
186
lel
18e
189
150
191
192
15?

194
195
lqt
197
198
195
200


